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The importance of the problem "Potassium nutrition of 
triticale" has been considered in brief. The effect of various levels 
of potassium, nitrogen and phosphorus on growth, yield and grain 
quality in triticale was studied. Justification has been put forward 
for undertaking the present work (Chapter 1). The available 
information pertaining to potassium nutrition of Triticale has 
been reviewed (Chapter 2). The details of the materials and 
methods employed for the five field experiments performed have 
been given with relevant meteorological and edaphic data (Chapter 
3). 
Experiment 1 was a field trial conducted according to 
factorial randomized block design during winter (Rabi) season to 
study the effect of four doses of potassium, applied with adequate 
nitrogen and phosphorus, at the time of sowing, on the growth, 
yield and quality, inclutding NPK content of grain, of two cultivars 
f 
of triticale, viz. "Delfin" and •TL-419" and one of wheat "HD-
2204" (included as check) to determine the optimum dose of 
potassium and the better responding triticale for later investiga-
tions. 
Field Experiment 2 was conducted next year. The aim was 
to investigate the effect of four doses of basal potassium and three 
of basal n i t rogen separately and in combinat ion on the growth, 
yield and quality of better performing cultivar of triticalc grown 
with a uniform basal dose of phosphorus . 
Exper iment 3 was carried out simultaneously with Experiment 
2. In this exper iment an attempt was made to study the effect 
of four doses of soil-applied potassium and three of phosphorus 
on the growth , yield and quality of the same cultivar of triticale, 
applied with a uniform basal dose of n i t rogen . 
Exper iment 4 was conducted during the next rabi season to 
study the effect of split application of ni trogen (basal + top 
dressing) and compare it with one t ime application at sowing, 
taking two levels of basal potassium, on the cultivar of triticale 
selected earl ier and grown with adequate basal phosphorus. 
Exper iment 5 was conducted side by side with Experiment 
4 on the same cultivar of triticale. Its aim was again to investigate 
the prospec ts of increasing productivity and quality coupled with 
fertilizer economy, using split application of nitrogen replacing 
supplemental t op dressing with foliar spray, taking the same two 
levels of basal potassium and a uniform dose of phosphorus applied 
at sowing. 
The data of the five field trials were subjected to statistical analysis 
where T ' value was found significant (as in most cases) at P<0.05 ,C.D. 
was calculated (Chapter 4). 
The significant results of the investigation have been discussed 
in the light of earlier findings at Aligarh and elsewhere (Chapter 5) 
and the important findings are summarized below. 
1. Potassium treatment K^ ,^ proved better than the other treatments 
and almost all the growth and yield characteristics responded to 
it optimally in all five field trials. 
2. Potassium dose K^ ^ increased the grain yield most in the various 
cultivais selected for Experiments 1 to 5. 
3. Like growth and yield characteristics, jpotassium treatment K^ also 
proved best for grain quality. 
4. Delfin out-yielded the other cultivar of triticale as well as the local 
wheat check in Experiment 1 and was selected for later 
experiments. 
5. The basal dose of nitrogen Nj^ ^ proved optimum for all the 
growth, yield and quality characteristics of Delfin. 
6. The interaction effect of K^ ^ x Nj^ ^ was found superior to that 
of all other combinations. 
7. The basal dose of phosphorus P^ ^ gave the maximum values for 
all the growth, yield and quality characteristics. 
8. The K X P combination K,„ x P,„ gave the best results. 
9. Split application of nitrogen (basal + top dressing/foliar spray) 
proved better than one time basal application for yield and quality 
of Delfin. 
10. In the top dressing experiment, BN^^ + TNg^ out yielded all other 
treatments and also resulted in saving of nitrogenous fertiliser. 
K^ p X BNg„ + TN3Q proved the best combination. 
11 . Spray application of nitrogen also proved beneficial both for 
productivity and quality of Delfin. 
12. Treatment ENJ^Q + FN^^ and the combination K^^  x BNjgo + FNj^ 
produced maximum grains of superior quality. 
13. It may, therefore, be concluded that triticale cultivar Delfin may 
profitably replace wheat in Aligarh and adjoining areas with basal 
K^Q and P^ ,^ nitrogen being applied either as N^^ , at sowing and 
N30 by top dressing or as N^^o ^* sowing and N^^ by foliar spray. 
The higher protein content of Delfin compared with wheat would 
also help to solve the problem of malnutrition to some extent. 
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Recent improvements in agro-techniques for the cultivation 
of fieJd crops, especially cereals, to meet the rising needs of the 
ever-increasing population, have been the main subject of 
researches in agricuhure. In India, the problem of food production 
has deepened further due to the poor financial capacity of the 
farmer who is unable to apply the required dose of fertilisers to 
newly released high yielding cultivars of cereals. 
Our farm scientists have targetted annual food production at 
300 million tonnes by the end of this century to offset any food 
crisis. The efforts of agriculturists have resulted in the development 
of a number of improved high yielding varieties, as also a few 
intergeneric hybrids with high productivity as well as high protein 
content. "Triticale" is one of the remarkable achievements in this 
direction, successfully competing with the yield of traditional 
cereals in various countries and even surpassing them in grain 
quality and adaptabihty. 
It is a hybrid produced by the intergeneric cross between 
wheat (Triticum) and rye {Secale) which combines the high yielding 
abihty and protein content of wheat with the high lysine content 
of rye. In addition, it also possesses the desirable quality of 
drought and disease resistance of rye (Hulse and Spurgeor^974; 
Lees, 1979 ; Baier, 1991). Thus, triticale is gaining acceptance by 
growers and consumers and it seems hkely that , in future, it will 
compete successfully with traditional cereals. At present , it is 
cultivated in more than 50 countries including AustraHa, Canada, 
China, Mexico, and USA and several improved triticale cultivars 
have been released for commercial use (Anonymous, 1980; 1982). 
In India too, interest is being developed in its cultivation and one 
cultivar TL-419 was released during 1980 ' s for Punjab's farmers 
and very recently another improved cultivar DT-46 has been 
released for cultivation in hilly regions. 
To ensure high yield of a cultivar, emphasis should be paid 
to systematic investigation of its optimum nutritional need as well 
as mode of application of fertilisers. Although most of the essential 
nutrients are present in the soil in different quantities in available 
forms, crop yield is Hmited by three primary fertiliser nutrients 
N, P and K as these are removed in large quantities. Thus soil 
fertility can be maintained by supplying these nutrients as fertiliser 
in appropr ia te quantities as and when required. 
Of the essential and indispensable nutrients for all forms of 
Hfe, including plants, potassium plays a major role, influencing a 
number of physical, physico-chemical and metaboHc pathways at 
the cellular level, thus affecting the ultimate growth and 
productivity of a plant (Barkar and Maynard, 1969). 
The potassium ion is preferentially absorbed in the cells and 
remains as a free ion in the cell sap, together with other 
substances, to create an osmotic balance against the turgor 
pressure of cell wall (Amberger, 1968). It also regulates the 
absorption of near infra red radiation and maintains the heat 
balance in the plant system (Shugarov, 1967). Potassium also 
activates certain important enzymes related to glycolysis and amino 
acid and amide synthesis, acting as the cofactor (Evans and Sorger, 
1966; Wilson and Evans, 1968). It also plays an important role 
in activating enzymes specific for adenine (Hiatt, 1963) and 
protein (Webster and Varner, 1954) synthesis. 
In many crops, nitrogen and potassium uptake are nearly 
equal. However, potassium efficient plants require only low 
potassium. With higher nitrogen, potassium definitely increases the 
yield of economic parts and protein. 
The attention of farm scientists has recently been focussed 
on mineral nutritional requirements of triticale so as to exploit its 
full yield potential with an efficient and economical use of 
fertilisers. Among other centres, encouraging results of mineral 
nutritional studies on triticale have been obtained at Aligarh by 
Afridi, Samiullah, Inam and their associates (Afridi et al., 1977; 
Abbas, 1980; Inam et al.,1982 a,b; Abbas et al., 1983 a,b; Inam 
et al., 1985 ; Moinuddin et al., 1990 a,b; Aziz, 1 9 9 1 ; Samiullah 
et al., 1 9 9 1 ; Inam, 1992; Inam et al., 1992; Inam et al., 1993 ; 
Fatima, 1994 , Samiullah et al., 1996; Shah, 1996). Most of these 
trials, however, were conducted to investigate the nitrogen and 
phosphorus requirements of triticale. The effect of potassium on 
the growth, yield and quality of triticale has not been investigated 
in detail. In view of the importance of this essential macronutrient, 
its need for a crop plant can not be ignored as even its slight 
deficiency could adversely affect crop productivity. Moreover, like 
the other essential nutrients, every crop has an optimum 
requirement for potassium, as its excess could have a negative 
effect on the yield and quality of grain (Krishchenko and 
Karamatova, 1 9 8 3 ; McCalHster et al., 1987). 
Taking these points into consideration, it seems desirable to 
investigate the potassium requirement of some selected high 
yielding cultivars of triticale that have shown promise at AHgarh 
in earlier trials with other macronutr ients .Therefore, it was decided 
by the present author to conduct the following field experiments 
on the potassium nutrition of selected high yielding cultivars of 
triticale. 
1. To study the effect of varying levels of potassium applied 
at the time of sowing, on the growth, yield and quality of 
two cultivars of triticale viz. "Delfin" and "TL-419", and one 
of wheat (HD-2204) as check, to determine the optimum 
doses, giving uniform basal doses of nitrogen and 
phosphorus . 
To investigate the interaction effect of varying doses of 
potassium and nitrogen (applied basally) on the growth, yield 
and quality of the better performing cultivar of triticale with 
a uniform basal dose of phosphorus, on the basis of the data 
of Experiment 1. 
To study the interaction effect of potassium and phosphorus 
on the growth, yield and quality of the cultivar of triticale 
selected for Experiment 2, by varying their levels applied 
basally, with a uniform basal dose of nitrogen. 
To study the effect of split application of nitrogen applied 
twice at sowing (basal) and early heading (top dressing), 
taking two levels of potassium on the cultivar of triticale 
selected for Experiments 2 and 3 together with the optimum 
basal dose of phosphorus obtained in Experiment 3. 
To investigate the prospect of fertilizer economy with split 
appHcation of nitrogen replacing the dose of top dressing 
with a lower dose applied at early heading stage by foliar 
spray and taking two levels of potassium on the selected 
cultivar of triticale as in Experiment 4, applying a uniform 
basal dose of phosphorus selected on the basis of data of 
Experiment 3 . 
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REVIEW OF LITERATURE 
2 . 1 Trit icale and its importance 
The keen interest of scientists all over the world in triticale 
and their sustained researches to develop this wonder crop was 
with the main objective to develop a nutritive grain crop that would 
be competitive with the traditional cereals and could be produced 
under poor environmental condit ions. Tri t icale 's excellent 
performance in this regard offers the possibility of improving 
availability as well as quality of food whereas this has been difficult 
in the past. 
As early as 1934 Muntzing in Sweden recognized the 
potential of triticale possessing the positive qualities of both of 
its parents . He began intensive research on its breeding and his 
work encouraged other scientists to undertake triticale research 
(Briggle, 1969). 
The superiority of triticale over both wheat and rye has been 
reported with regard to higher rust resistance (Hulse and Spurgeon, 
1974), tolerance to high soil acidity (Slootmaker, 1974), greater 
adaptabiUty to drought conditions (Gregory, 1974 , Stankova and 
Matsov, 1982 , Tsvetkov and Shchereva, 1989), greater frost 
resistance (Stepochkin and Vladimirov, 1985), tolerance to salinity 
(Touraine and Meimoun, 1985), better performance under waste 
water irrigation (Aziz, 1 9 9 1 ; Aziz et a / . , 1994 ; Shah 1996) and 
with reference to N and P (Ashfaq et al., 1984 , Fatima, 1994). 
The progress in developing triticale as a commercial crop has been 
a remarkable research achievement. Earlier problems such as 
incomplete fertility, low yields, lodging and inferior grain quality 
have been tackled expeditiously and successfully, particularly due 
to the cooperative undertaking of the International Maize and 
Wheat Improvement Centre (CIMMYT, Mexico) and the University 
of Manitoba (Canada). The results of CIMMYT trials brought 
forward some of the improved varieties of triticale with better test 
weight, higher lysine content and greater lodging resistance. These 
improved lines were subjected to trials in different countries on 
various locations under varying agroclimatic conditions and showed 
better performance than wheat, particularly under adverse 
environmental conditions. 
Floyd (1974) from Algeria, Ngamjiwabwoto(1974) from Kenya 
Pinto (1974) from Ethiopia, Vahabian (1974) from Iran were some 
of the workers who published detailed reports of triticale research 
programmes in the developing countries. This encouraged a 
number of scient is ts ,on becoming aware of the crop 's po ten t i a l , 
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to come forward and take up triticale cultivation on a large scale 
and evaluate its characters . 
Thus, Kudryavtseva (1977) reported from former U.S.S.R. 
that the Mexican forms of triticale were promising for the country 
owing to their resistance to lodging, larger number of grains per 
ear and good ecological adaptability. 
In Alaska (U.S.A.), Wooding et al., (1977) found triticale to 
be a potential crop for the interior regions as the selected lines 
gave higher yields than other cereals, contained more protein and 
were free from infection. 
Parodi and Nebreda (1978), after four years of triticale 
research in Chile, noted that triticales performed better in 
comparison to some of the best local wheat varieties with regard 
to yields, protein production and resistance to rusts and other 
cereal diseases. In Australia, Seatonberry (1978), after conducting 
field trials and comparing with wheat, declared triticale as an 
alternative grain crop to conventional winter cereals. 
Riman and Rakoczi (1979), while investigating the dwarf 
triticale forms in former Czechoslovakia, found that they possessed 
good resistance to lodging, surpassing the control in yield and 
crude protein content. Meanwhile, CIMMYT continued to produce 
new lines which were shorter, more lodging resistant and had well-
filled grains and better test weights (ZiUinsky et al., 1980). 
With the release of these new Hnes, cuhivation of t r i t icak 
as a cereal crop was introduced and explored in several other 
countries, including Pakistan (Tahir, et al., 1979), Portugal 
(Bagulho, 1980), Bulgaria (Kolev, 1980), Brazil (Leite et al., 
1981) and U.K. (Ford et al., 1984) and each of these reports 
proved triticale to be quite promising as an alternative to wheat. 
Moreover, the yield data from the 16th ITYN (1985-86) for several 
agroclimatic regions including acid soils, irrigated subtropical soils, 
drylands, highlands and Mediterranean regions, showed that, 
except in the irrigated subtropics, the average yield of the top 
five triticales was higher than that of the bread wheat check. 
Another interesting fact to be noted was that a comparison of data 
between the ITYNS and the ISWYNs for the past 16 years indicates 
that bread wheat tends to yield about -8% below its potential when 
grown among triticales (Varughese, 1986). 
In India, intensive triticale research began in the mid 70 's 
(Anonymous, 1977). At Pantnagar (U.P.), for example, Srivastava 
(1976), while discussing the prospects of triticale as a commercial 
crop in India, reported that improved CIMMYT Hnes had out 
yielded wheat under poor soil conditions showing good resistance 
to Septoria and Erysiphe. Venkateshwara et al (1978), with a view 
to study the bread, biscuit and chapatti making quality of Indian 
triticales, reported that triticale has higher protein content and 
better amino acid balance than wheat. Presently, research on this 
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grain crop is being conducted at more than twenty-five centres, 
including Aligarh w^ere commendable work has been done by 
Afridi, Samiullah, Inam and associates during the last twenty years 
on various aspects including quality improvement (Inam, 1992; 
Fatima, 1994; Shah 1996). 
At Ludhiana, prominent workers, like Gill et al. (1981 , 
1986), Sandha and Pannu (1986), Sharma and Sandha (1987), 
Sharma and Sharma (1987) and Bakhshi et al (1989). , involved 
in breeding triticale for food and feed, have developed, treated 
and evaluated new lines and have obtained encouraging results with 
several of them, including TL-238, TL-257, TL-319, TL-419, TL-
1210, TL-1772, TL-2278. Describing the qualities of TL-1210, 
which was released for commercial cultivation in 1 9 8 3 , Gill et al. 
(1986) have reported that it is a dwarf variety showing good 
tillering and high resistance to lodging, is early maturing, highly 
fesistant to rusts and smuts and with good quality grain for 
' chappat is ' , bread, biscuits and as animal feed. 
It is evident from the review that work with triticale has 
i 
expanded enormously from humble beginnings in 1875 to a wor^ 
wide activity and at present all major triticale producers are 
developed countries including many underdeveloped countries. 
Some of the interesting and notable information received from 
different parts of the world showing consistent efforts and steady 
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progress in triticale development during recent years include 
reports of : 
1 Earlier heading in triticale than wheat in Chile (Barriga et 
al., 1984a) . 
2. Use of dwarf genes in getting short competitive forms in 
former U.S.S.R. (Burdum and Nandy, 1984). 
3. Use of triticale in rice crop rotation in Bulgaria (Furdzhev 
and Kosturski, 1984). 
4. Triticale showing aptitude as a substitute for wheat and being 
permitted for commercial release in Brazil (Baier and Luiz, 
1985). 
5. Prospects of reduced incidence of powdery mildew on wheat 
by the cultivation of triticale in disease prone areas in India 
(Grewal et a/., 1986). 
6. New primary octoploid forms being developed in Bulgaria (S 
Beva and Storvj'ovo, 1987). 
7. Use of triticale as a source of grain and fodder with particular 
regard to digestibility in Iran (Kashiri, 1988). 
8. Triticale strains TL-1210 and TL-1772 producing Chappatis 
comparable to bread wheat at Ludhiana, India (Bakhshi et 
al.,1989). 
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9. Russian triticale showing the highest level of resistance to 
Russian wheat aphid compared with wheat and rye (Nkongolo 
et a / . , 1989) . 
10. AppHcation of triticale in making soy sauce in Japan (Tachi 
and Kikuchi, 1989). 
1 1 . Development of the triticale cultivars international register 
computer system (Baum et al., 1990). 
12. Evaluation of new cultivars of triticale as dual purpose fo^c-
age and grain crops in Australia (Andrews et al., 1991) and 
13. Potential crop under waste water irrigation (Aziz, 1 9 9 1 , 
1994 , Shah, 1996). 
It can, thus, be comprehended that the crop that was once 
considered a biological oddity is now a commercial reality and what 
was forecast about 30 years ago (Smith, 1967) about triticale 
becoming a serious competitor to wheat as one of the world's most 
important food crop (MaqDityre and Campbell, 1973) is now 
proving to be true. 
2 . 2 M i n e r a l n u t r i t i o n 
Scientif ic advances in p lan t nut r i t ion and ferti l ization 
have revolut ionized c rop p roduc t ion . As much as 5 0 % of the 
high yields of cerea l g ra ins , bes ides the i m p r o v e m e n t in c rop 
quality and nut r i t ional value, can be a t t r ibu ted to commerc ia l 
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fertilizers. In India itself, 75 to 80% of the increase in 
foodgrain production was reported to come from fertilizer 
consumption as reported by the National Commission on 
Agriculture. Hence, the science of plant nutrition, which was 
established about 150 years ago, remains one of the best 
hopes for solving the world food problem. 
Of the min eral nutrients, N, P and K are more 
important, playing active and significant roles in plant growth 
and development. They are rapidly removed by crops in 
comparat ively large amounts and necess i ta te regular 
replenish ment before sowing the next crop. In order to obtain 
high yields from intensive cultivation, these nutrients must be 
added continually to most soils in the form of inorganic 
fertilizers. 
Fertilizers are used successfully all over the world not 
only to remove nutrient deficiencies in the soil and obtain 
greater yields but also to improve crop quality. However, the 
sub-optimal utilization of fertilizers by the crop depends upon 
the method and the time of their application. A fertilizer 
should be placed in the soil in such a position that it will 
serve the plant to the best advantage. Most fertilizer applied 
is in solid form and is broadcast i.e. distributed uniformly on 
the soil. For soils of poor nutrient status and for soils which 
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strongly fix plant nutrients, application of fertilizer in a row 
or a band can yield better results. Moreover, while applying 
nitrogen (which is needed throughout the growth period) it is 
advisable to split the total fertilizer dose into two or more 
applications which can then be applied as ' top dressing' or 
'side dressing' . In recent years, the agricultural importance 
of foliar appli cations of mineral nutrients has increased 
greatly. In the case of macro-nutrients used in large quantities 
by plants, foliar sprays applied as a supplement to basal 
fertilizer t reatments, have given favourable respon ses. 
In the face of increasing dependence by an expanding 
world population on relatively few crop plants, the shape of 
our future depends on increasing the p roductivity of these 
crops through judicious use of the limited resources available. 
In the words of Hannah (1978), "the world's best immediate 
hope for rapid increases in food, feed and fiber production 
is the wise use of fertilizers, which can increase yields world-
wide by at least 50 per cent". 
However, the correct prediction of the fertilizer require-
ment for a certain crop on a certain soil is a complex 
problem and it depends on the understanding of several factors 
requiring detailed investigations. Extensive work has been done 
on the fertilizer requirements of the traditional cereals. Studies 
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on triticale in this direction have been started in some 
countries, including India during the past two decades. 
2 . 2 . 1 Role of p o t a s s i u m in crop nutr i t ion 
Ever since the famous investigations of de Saussure 
(1767-1845) it is known that potassium is present in all kinds 
of plant material and already in those days it appeared an 
essential element for plant growth (Mengel, 1976). Later, this 
knowledge was substantiated by various investigations and 
plant nutrition studies which revealed and identified potassium 
as the only monovalent cation that is essential for all higher 
plants. It is present in all parts of plants in fairly large 
proport ions, especially in leaves and at growing points, and 
is considered the most important cation not only with regard 
to its content in plant tissues but also with respect to its 
physiological and biochemical functions (Mengel and Kirkby, 
1982). 
Blevins (1985) has described potassium as a unique 
mineral nutrient in plant science. It is indeed special among 
the essential nutrients in the diversity of roles it plays in plant 
metabolism. Unlike the other major nutrients, it is not a 
constituent of organic compounds in the plant, but participates 
in metabolic processes by being associated with various 
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enzyme systems and biological membranes. It performs a 
catalytic role as an activator of more than 60 enzymes(Evans 
and Sorger, 1966; Suelter, 1970; Evans and Wildes, 1971). 
By functioning as a free ion, it maintains electroneutrality 
within plant cells and also controls stomatal movements. 
The large variety of functions performed by this element 
have conferred upon it several names such as a root booster, 
stalk strengthener, food former, an enzyme activator, a 
breathing regulator, water stretcher, sugar and starch trans-
porter, protein builder, wilt reducer and a disease retarder 
(Kanwar, 1985). As regards the importance of potassium in 
the nutrition of crop plants, potassium is often described as 
the 'quality element ' for crop production (Usherwood, 1985). 
It is due to its multiple role that wheat and other cereal crops 
require about as much K as N (Kemmler, 1983). 
In view of its involvement in virtually every metabolic 
process, a deficiency of potassium in plants results in leaf 
damage, water imbalance in leaves, decrease in photosynthesis, 
disturbed carbohydrate metabolism, increased respiration, 
insufficient chlorophyll development in some species, accumu-
lation of some elements, lower protein content and higher 
percentage of soluble organic nitrogen compounds (Nason and 
McElory, 1963). Plants suffering from potassium deficiency 
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also show a decrease in turgor and, under water stress, they 
easily become flaccid. They, thus, possess poor resistance to 
drought and also show increased susceptibility to frost damage, 
fungal attack and saline conditions. The visible symptoms of 
potassium deficiency in plants have been described in detail 
by Hewitt (1963), Bussler (1964) and Ulrich and Okhi (1966). 
Researchers agree that high yields cannot be obtained 
with low levels of potassium in the soil. Promotion of crop 
yield by potassium nutrition can be due to biochemical as well 
as morphogerftic effects of potassium. Haeder and Mengel 
(1974) and Forster (1976), along with several other workers, 
have found that adequate potassium supply results in higher 
COg assimilation by increasing the leaf area and also the 
amount of chlorophyll/leaf area. Moreover, potassium stimu-
lates the formation of a higher storage (sink) capacity in the 
grain and the translocation of assimilates from the various 
plant parts to the ear (Beringer and Nothduft, 1985). Forster 
and Beringer (1981) and Haeder and Beringer (1981) have 
attributed the yield response of wheat to potassium fertilizer 
primarily to increased grain weight and to a lesser extent to 
increased number of ears per plant and grains per ear. 
Another factor well known to all agriculturists and farm 
scientists is that higher yields of better quality crops depend 
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greatly on the capacity of crops to resist or tolerate moisture 
and temperature abnormalities, diseases, lodging and other 
stresses. It is well documented that an adequate supply of 
potassium has an important role in providing resistance or 
tolerance to most of these stresses. Under drought conditions, 
added potassium helps to regulate stomates and thus helps to 
control water loss under severe transpirational stress (Nelson, 
1978; Mengel and Kirkby, 1982 and Marschner, 1986). As far 
as crop quality is concerned, there is no uniform measure of 
the influence of potassium on it. It varies with the crop, the 
plant part to be marketed and the intended use. 
From the above it is evident that potassium deficiency 
can become a severe limiting factor for crop growth and yield 
and that there is no single mechanism by which such deficiency 
limits yields. It can decrease the area of the upper leaves, 
the dry matter produced in the upper internodes and ears 
and reduce the number and the size of grains (Ralph and 
Ridgman, 1981). Regarding the morphological changes related 
to potassium deficiency, Hewitt (1963) has reported that 
cereals develop a bushy habit with marked shortening of the 
internodes. In case of small grains, as observed by Vig and 
Das (1977) and Beaton (1980), potassium deficiency results 
in uneven crop growth with stunted plants having weak stems 
and few short ear-bearing tillers. 
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Leaves of very deficient cereals tend to dry up and 
senesce prematurely. Insufficient K for small grains commonly 
delays anthesis and maturity and the kernels that are formed 
are shrivelled and have light weight (Beaton and Sekhon, 
1985). Hartt (1970) studied the effect of potassium deficiency 
in sugarcane blades and found that very severe potassium 
deficiency decreased translocation both in darkness and in 
light and the relative decrease in translocation was greater 
than the relative decrease in photosynthesis . Moreover, 
potassium deficient crops in general, become prone to lodging 
due to impaired lignification of the vascular bundles (Mengel 
and Kirkby, 1982). 
As potassium is very widely distributed in soils, its 
deficiencies were seldom felt when yields of small grains were 
low. However, with increased cropping intensity and large 
scale cultivation of high yielding varieties, potassium deficien-
cy has been reported as fairly widespread (Kanwar et ai, 
1972; Goswami et al., 1976). It has been observed that for 
some of the high intensity cropping systems , the total removal 
of nutrients from the soil ranges from 500 to 900 kg NPK 
/ ha per year of which potassium alone accounts for about 
50 per cent (Bhargava et al., 1985). The situation, thus, tends 
to create a greater need for external supply of this nutrient 
to achieve the desired level of production. 
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From the very beginning of agriculture, concerted efforts 
for increasing the production of crops have been made. 
However, since 1980 the maximum yield concept has gained 
wide acceptance and recently has become a focal point for 
many top researchers. Adequate potassium supply has a major 
role io pla\i in the concept of vnaximum ecovvo-mUyields which 
means greater and more efficient production immensely needed 
by the individual farmer and the entire world to feed its 
people. Although plant physiologists knew that potassium is 
an indispensable plant nutrient and agronomists experienced 
that its application improvesyield and quality of various crops, 
it has only been during the last three decades that Indian 
scientists have become increasingly involved in the use of 
potash for improving the quality and increasing quantity of 
agricultural products. The evidence of this can be seen from 
the recent spurt of large number of reports , on various crop 
plants, by scientists working in this direction (Afridi, 
unpublished). 
Earlier studies often indicated a favourable impact of 
a 
using potassic fertilizer on field crops particul^ly when large 
doses of nitrogen and phosphorus were being applied. As early 
as 1 9 6 1 , Cazi while using fertilizers for improving chilli 
production, ascertained that application of potash not only 
counteracted the ill effect of excess nitrogen but also imparted 
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a general resistance against the attack of pests and diseases. 
Koch and Mengel (1974), studying the influence of the level 
of potassium supply to young tobacco plants observed that 
tobacco plants with adequate potassium supply absorbed more 
nitrogen resulting in more rapid production of organic 
compounds. Chauhan and Verma (1978) reported marked 
increase in grain and straw yields of wheat by potash 
application. Grewal and Sharma (1978) and Grewal and Singh 
(1979), while studying the response of potato to potassic 
fertilizers realized the importance of potassium application 
inthe production of potato . In 1978, Krishnan, while working 
with fertilizer-responsive high yielding varieties of wheat, 
found significant increase in yields due to addition of 
potassium. Singh and Singh in the same year reported fertilizer 
potash benefitting both yield and yield promoting characters 
of rice. Verma et al. (1979) observed a beneficial role of 
potassium on grain size, test weight and grain filling in rice. 
The last decade has witnessed a highly incfeased devotion 
of time and interest of ag ricutturists towards the utilization 
of potassic fertilizers for beneficial effect on crops. Reports 
showing significant response of wheat to split application of 
potassium (Khurana et a/. , 1982); increase in yield of paddy 
grain by split application of K at high levels of nitrogen 
(Mondal et al., 1982); increase in yield and protein content 
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of wheat grain by potash fertilizer (Ahmad and Rahman, 
1984); significant response of rice and wheat to potassium 
(Bhargava et al., 1985); stnking response to potassium at high 
levels of nitrogen in rape seed and mustard (Ghosh et al., 
1985); beneficial effect of potassium and farmyard manure on 
tuber yield of potato (Singh and Brar, 1985); marked increase 
in the grain yield and biomass of some important legumes, 
oilseeds, cereals and fodder crops by potassium application 
(Tiwari and Nigam, 1985); decrease in lodging of maize as 
a result of added potassium (Kayode, 1986); yield response 
function and economic gain in the production of high yielding 
dwarf rice by potassium and nitrogen fertilization (Mondal et 
al., 1986); significant influence of increasing doses of potash 
on the yield attributes of rice cultivars (Purohit et al., 1986a); 
marked response to potassium of high yielding wheat cultivars 
(Purohit et al., 1986b); enhanced yield of cotton by potassium 
application (Brar et al., 1987); increased growth and yield 
components of wheat cultivar and economic benefit through 
potash application (Khan and Makhdum, 1987 and Singh and 
S ingh^ l987 ) ; favourable influence on the growth of potato 
varietes of increasing levels of potassium fertilization (Saikia 
et al., 1987); significant influence of applied potassium on 
the yield c o m p o n e n t s of chilli ( J e y a r a m a n and 
Balsubramaniam, 1988); increase in growth and straw yield of 
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sorghum by potassium application (Ogunlela and Yusuf, 1988); 
enhanced tillering and increased utilization of nitrogen 
fertilizers by potassium addition to wheat (Shaviv and Hagin, 
1988); significant beneficial effect on seed yields of faba bean 
by potassium and nitrogen fertilization (Bochniarz et al., 
1989); beneficial effect on the plant height, dry weight per 
plant and yield of seeds in groundnut by raising the level of 
potassium fertilizer (El-Halem et al., 1989); increase in the 
growth and yield parameters and the content of nitrogen and 
potassium of corn plants by potassium fertilizer (Ibrahim, 
1989); rapeseed and mustard crops showing good response to 
potassium, including improved growth attributes, test weight of 
grain, harvest index and yield (Majumdar et al., 1989); 
effectiveness of split dressing of potassium with nitrogen in 
improving the yield attributing characters of rice (Mondal et 
al., 1989); increased pod number, pod weight, pod yield and 
kernels /pod in groundnut by application of phosphorus and 
potassium (Munda and Patel, 1989); acceleration in the activity 
of photosynthetic apparatus by better developed chloroplasts, 
increase in the number of silicified cells, improved light 
environment and plastid development and increased water 
potential of leaves in rice plants (Rao et al., 1989); enhanced 
dry matter yield of wheat by the application of increasing dose 
of potassium upto a level of 80 kg K/ha (Roy et al., 1989); 
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improved plant growth, nutrient uptake and yield of rice due 
to soil appli cation of potassium and foliar spray of kinetin 
(Sakeena and Salam, 1989); increase in the stalk strength, and 
thereby decreased lodging, in maize,by increased quantity of 
potash fertilizer (Shixian et al., 1989); increased lint yield 
and improved cotton and seed quality by the beneficial effect 
of potassium application on the physiological parameters of 
cotton grown in a potassium deficient soil (Sun et al., 1989); 
stimulated chlorophyll synthesis in maize by foliar spray of 
potassium fertilizer (Suwanarit and Seslapukaee, 1989); 
significant increase in grain yield of lowland rice by broadcast 
and banded application of potassium (Fageria et al., 1990); 
significant increase in grain yield of wheat due to added 
potassic fertilizer in cornjination with nitlbgen and phosphorus 
(Khan and Makhdum, 1990); significant response to potassium 
upto 150 kg K „ 0 / ha by wheat grown in alkaline sandy soils 
(Khurana and Bhaya, 1990); increase in paddy and straw 
yields and also increase in the availability of potassium in the 
soils, potassium in straw and grain and tiller number of rice 
plants by graded levels and split application of potassium 
alongwith recommended doses of nitrogen and phosphorus 
(Krishnappa et al., 1990); improved yield parameters in 
mustard due to potassium fertilizatfon (Mondal et al., 1990); 
beneficial effect of split application of potassium in sweet 
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potato (Mukhopadhyay et al., 1990); high response of wheat 
to K at 80 kg K;iO / h a (Prasad ,1990). Good response of 
a high yielding variety of sweet potato to applied potassium 
(Ramanjini Gowda et a!., 1990); significant increase in grain 
and straw yields of wheat with increasing levels of applied 
potash on sandy loam soils (Roy et al., 1990); increase in 
the yield and potassium concentration of cotton plants with 
increase in rates of applied potassium better response to its 
application at the time of sourng than at flowering (Singh et 
al., 1990); favourable response in berseem and potato crops 
with wheat showiyjj marginal increase in yield to applied 
potassium upto 60 kg KgO/ha (Sinha and Rai, 1991); and 
response of wheat indicated by grain yield to potassium 
application being inversely related to available potassium 
status of the soil (Brar and Brar, 1992); are examples of 
important publications indicating the increased attention being 
paid by workers to this aspect. 
Khan et al. (1994) studied the effect of potassium 
fertilization (0, 40 , 80 ,120 , 160, 200 and 240 kg K20/ha) 
on wheat and found that grain yield was significant but the 
difference between potassium treatments were non-significant. 
The highest grain yield of 4 ,650 kg/ha was noted in plots 
receiving 160 kg KgO/ha. 
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Sharma and Anuradha (1994) gave four potassium doses 
(0, 16 .5 , 33 .0 and 49 .5 kg/K2 O/ha) to two sorghum cultivars 
and found that applied potassium at 33 kg Kg O/ha increased 
leaf area index,total dry matter, 1000 grain weight, grains per 
ear and grain yield. 
As is clear from the account given above, it has been 
proved beyond doubt that potassium plays a significant role 
in improving plant growth and in creasing crop yields. The 
positive results obtained by agricultural scientists, working in 
different parts of the world on various crops, including cereals, 
serve as a guide line for the present author who was interested 
in investigating the response of triticale to potassium 
application, as such a study has not been undertaken so far. 
2 . 2 . 2 Interact ion of p o t a s s i u m with n i t rogen and 
p h o s p h o r u s 
Cooke (1975), while discussing fertilization for maximum 
yields has stated that, in a highly developed agriculture, large 
increase in yield potential would mostly come from interaction 
effects, and advised the farmers to try all new combinations 
that may raise yield potentials. 
It is evident that potassium not only plays a significant 
role in increasing crop yield but also in exerting a balancing 
effect on both nitrogen and phosphorus. In the words of Van 
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Dierendonck (1959) , potassium alone adds little to the yield. 
The reported yield incre merits are mainly due to favourable 
interaction with other nutrient elements, particularly when 
nitrogen utilization is improved with adequate potassium 
availability. 
2 . 2 . 2 . 1 P o t a s s i u m and n i t rogen 
The N-K interaction has been found to be of great 
importance in relation to crop production and several excellent 
reviews have been published on this subject on various crops 
from time to time. Macleod (1969), while studying the effects 
of N, P and K and their interactions on the yield and kernel 
weight of barley, observed that barley response to increasing 
N concentration was dependent on levels of K in the whole 
plant sample and response to added N was restricted unless 
added K was sufficient. Macleod and Carson in the same year 
observed an increase in all nitrogenous compounds with K 
fertilization of barley. Ajay et al. (1970) reported that when 
tomato plants received continuous N as NH^*- severe stem 
lesions were produced unless Kwas added at equivalent rates. 
Hence , they concluded that K enhanced NH ^ assimilation 
in the plant, avoiding NHg toxicity and that K did not compete 
with NH4 for uptake. Sen Gupta et al. (1971) studied the 
effect of potassium on retention of NH^-N in soil and its 
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recovery and observed that application of potash reduced the 
fixation of ammonium leading to better utilization of this type 
of N by the plant. Koch and Mengel (1974), while working 
with tobacco plants found that with adequate potassium 
supply, the plants absorbed more nitrogen and utilized it 
rapidly for the production of organic compounds than when 
potassium was limiting. Leggett et al. (1974) reported that in 
tobacco nitrate accumulation was greater with increasing levels 
of K. Dibb and Welch (1976) suggested that increased K 
allowed for rapid assimilation of absorbed NH^"" ions in the 
plant, maintaining a low nontoxic level of NH3+. Talibudeen 
et al. (1976) studied the interaction of nitrogen and potassium 
nutrition on dry matter of the graminae and concluded that 
the N X K problem is of predominant importance with regavd 
to the production of dry matter in the graminae and 
particularly in wheat, as the nitrogen fertilization levels are 
raised. Koch and Mengel (1977), in their investigation on the 
effect of K on mobilizing N in wheat plants, found that K 
increased not only grain yield but also total N uptake, N 
accumulation and protein content in wheat grains. Loue 
(1978), after making detailed studies on the magnitude of 
ni t rogen/potassium interaction confirmed earlier views and 
stated that when the factor N is raised to the best possible 
level, the K requirements and the responses to K increase. 
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He further emphasized that the N x K interaction also 
influences grain quality and that potassium appears frequently 
as the counterbalance of heavy nitrogen dressings. Moreover, 
the N X K interaction is usually very positive as regards the 
specific weight and it is also shown in industrial quality 
aspects, such as the baking capacity. Some of the recent 
publications on this aspect include those of Chaumuah and Dey 
(1988), who studied root growth and potassium uptake of rice 
at variable supply of nitrogen and reported that application 
of 100 kg N / h a increased K uptake by 63 to 70 per cent. 
Shaviv and Hagin (1988), who after experimenting with wheat 
to determine the effect of potassium on nitrogen utilization, 
concluded that potassium addition to soil increased the 
utilization of nitrogen fertilizers and Bochniarz et ah, (1989), 
who studied the effect of potassium and nitrogen fertilization 
on the productivity of faba bean reported that the effectiveness 
of K increased alongwith increasing rates of nitrogen. 
More recently, Samra and Ramana (1993) studied the 
interaction effect of nitrogen and potassium on sorghum. They 
observed that nitrogen use efficiency (NUE) and productive 
effici ency (PE) of nitrogen decreased with increased N 
application while NUE and PE for P and K increased with N 
levels . Applied potash at 40 kg/ha improved the NUE and 
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PE of NPK. Applied N at 80 kg/ha and potash at 40 kg / 
ha improved NPK uptake and dry matter production leading 
to higher seed yield. 
Tomar and Singh (1994) found that increasing levels of 
K and N inCfeased the yield and uptake of K by wheat grain 
and straw. The fertilizer treatment Nj2o ^loo showed the 
highest average yield and uptake of N and K by wheat. 
Thus, all these studies confirm the basic and widely 
observed interaction of N and K , i.e. the necessity of 
adequate K levels for efficient use of N. 
2 . 2 . 2 . 2 P o t a s s i u m and p h o s p h o r u s 
Potassium interactions with phosphorus are less evident 
in the literature but it has been established that crops require 
adequate levels of K for maximum response to added P. Jones 
et al. (1977) showed the need for appropriate balance between 
P and K on soyabean yields. Wagner (1979), after conducting 
detailed studies, emphasized the importance of P - K 
interactions in maximum yield produdion. Welch et al. (1981) 
demonstrated a positive P-K interaction on yield of 'Coastal ' 
bermudagrass {C\;nodon dacti^lon L.) Pers. Chahal et al. 
(1983), after studying nitrogen, phosphorus and potassium 
uptake in groundnut at various levels of phosphorus reported 
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that potassium concentration in various plant parts was 
increased significantly with increased levels of P application. 
Wagner (1985), while discussing P-K interactions, concluded 
that neither potash nor phosphorus alone could elicit any 
significant yield response. However, when both were applied 
to work together , the yield would greatly exceed the sum of 
the individual responses. These interactions, though simple, 
could also be translated into economic return. 
Thus, we can conclude that the interaction of K with N 
and P has been considered earliar also and, at least in the 
case of N, many interesting interactions have been reported. 
A better understahdingof these relationships can lead to more 
efficient crop production, higher yields and improved crop 
quality which are all very important for the common farmer, 
the research agronomist as well as the mineral nutrition 
specialist. 
It is common knowledge that adoption of high yielding 
varieties and use of balanced dose of fertilizers can go a long 
way in raising the level of crop production. Though potassium 
has an active role in plant metabolism to stimulate yields and 
its importance in balanced application of nutrients is being 
increasingly realized, there is not much information on the 
response of triticale with referenceto K fertilization. Hence, 
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this study was undertaken to evaluate the influence of different 
levels of potassium along with its interaction with N and P 
on the growth, yield and quality attributes of triticale and to 
determine the appropriate fertilizer combination for yield 
max imization. This can be recommended to the triticale 
growers with a view to make the cultivation of this wonder 
crop commercially viable and beneficial both for the producer 
and consumer. 
2 . 3 Mineral nutri t ion of t r i t i ca le 
Although known since 1875, triticale remained a 
theoretical curiosity till the middle of the twentieth century. 
As it started gaining importanceas a practically valuable cereal, 
scientists became aware of the need to improve the yield and 
quality of this crop. However, in the beginning their efforts 
were mainly concentrated on its genetic improvement and their 
attention shifted towards mineral nutritional studies only 
during the last three decades. 
Kiss (1968), working in Hungary, is one of the p'loneers 
among agricultural scientists to investigate the fertilizer 
requirements of trtticale. His work determining the optimum 
fertilizer dressing for triticale as 140 kg N, P and K/cad hold 
(1 cad hold = 0.57 hectare) encouraged scientists and 
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agriculturists all over the world to direct the aims of their 
researches towards the nutritional requirements of triticale. 
Zillinsky and Borlaug (1971) working at CIANO in 
Mexico. Fodor (1974), in Hungary and Mazurek and Mazurek 
(1974), in Poland studied the response of triticale to nitrogen 
fertilization and found that high N rates either did not affect 
triticale yield or reduced it. 
In India, several workers, including Agrawal (1977) at 
Jhansi, Misra (1977) at Lucknow and AH and Rajput (1978) 
at Pantnagar, studying the response of triticale varieties to 
nitrogen under different conditions, have reported significant 
increase in grain yields with increase in the N rates from 0 
to 90 kg /ha . Similar results have been achieved by Pancholi 
and Bishnoi (1980) in U.S.A, who reported that the increase 
in grain yields of triticale and wheat were not significant with 
rates of N>80 kg/ha . 
Andrascik and Licko (1978) studying the effect of graded 
doses of nitrogen on yield components of winter cereals in 
former Czechoslovakia observed that in case of triticale and 
rye the yield of all varieties was more at the lower fertilizer 
rate. This suggested an economy of fertilizer utilization in case 
of triticale, as compared with wheat. The above finding has 
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also been confirmed recently by Modi and Lai (1981) from 
Pantnagar who found that yield response/kg N was higher in 
the triticale cultivar, Armadillo PM 105 than in wheat cultivar 
Kalyan Sona. Tabl and Kiss (1986), working in Egypt have 
reported a saving of 30 kg N /ha with regard to the yield 
response of triticale as compared with that of wheat. 
Tahir (1978), working on the increased production of 
winter cereals in Pakistan, reported that the application of 60 
kg N + 60 P /ha increased the yield of wheat from 1.52 and 
1.32 t / ha (without fertilizer) to 2 .23 and 2 .13 t / ha and of 
triticale from 4 .09 to 4 .69 t / ha . He also noted that the 
optimum nitrogen application was 150 lbs (70 kg/ha) . 
Zatko (1978), studying the effect of some agronomic 
practices on the grain yield of triticale in former Czechoslo-
vakia, observed that among the 3 rates of applied N (80 110 
and 170 kg/ha)^ application of 80-110 kg N /ha gave 2.3-3.9% 
higher yields than 170 kg N / h a . 
At CIMMYT (Mexico), three triticales, eleven bread 
wheats and four durum wheats were grown at five nitrogen 
levels (0, 75 , 150, 225 and 300 kg/ha) and on comparing 
their nitrogen response curves, it was observed that the 
triticales responded better than wheat varieties under condi-
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tions of nitrogen stress (0 kg N/ha) and 75 kg N /ha proved 
optimum for grain yield (Anonymous, 1979). 
Kalra and Dhiman (1979), working at Meerut (India), also 
reported increased grain yield and productivity of wheat and 
triticale with increase in rates of applied N from 0 to 25, 
50 and 75 kg /ha . 
Bishnoi and Mugwira (1980) studied the effects of 
nitrogen rates and sources on the performance of triticale in 
U.S.A. They applied 50, 100 or 200 kg N /ha in the form 
of ammonium nitrate and sulphur coated urea (SCU) and found 
that increasing N rates from both sources increased plant 
height and grain yields and those from SCU also increased 
grain protein content. 
Singh et al. (1982), at Hisar (India) conducted trials 
to find out the effect of different methods of 
nitrogen feeding on wheat and triticale. Their results showed 
that the application of 60 kg N / h a at sowing with a further 
60 kg /ha applied as top dressing produced higher yields of 
both wheat and triticale than 120 kg/ha applied basally or 
by foliar feeding. 
Graham et al. in 1983 made a detailed study of the 
responses of triticale, wheat, r\ie and barley to nitrogen 
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fertilizer applying doses of 0, 35 , 70, 105 or 140 kg N/ha . 
They found that the number of tillers and ears was increased 
by N rates of 140 and 105 kg/ha respectively and plant height 
increased upto 70 kg N / h a . However, in rye and triticale, 
there was increased lodging and decrease in the 1,000 grain 
weight with increasing N supply. 
Reports of increased lodging and reduced 1,000 grain 
weight at higher rates of N have been published by recent 
workers also, including Mazurek et al. (1984) , Mazurek and 
Kus (1985) from Poland and Saleh et al. (1985) from Egypt. 
In Pakistan, Latif et al. (1986) have added a new aspect 
tothe mineral nutritional studies of triticale by investigating the 
phosphorus and zinc nutrition of triticale along with wheat. 
They have reported that phosphorus application increased the 
grain and straw yields of both crops whereas Zn application 
had little effect. However, in general, they observed that the 
grain yield of wheat was higher than that of triticale. 
At Shahjahanpur (India), a field experiment was conduct-
ed by Abbas and Kumar (1987) to study the response of wheat 
and triticale varieties to timings of nitrogen application 
coinciding with irrigation schedule. They found that applica-
tion of nitrogen in three equal splits as basal dressing at 
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sowing (I) wih irrigation after 30 days (II) and then after 75 
days (III) of sowing, proved best. 
Aquilina (1987), studying the effect of nitrogen on 
triticale quality in U.K., applied 7 rates of N, from 0 to 240 
kg/ha to triticale cultivars Lasko and Salvo and found that 
higher N rates decreased both specific weight and 1,000 grain 
weight and that Lasko gave higher specific weight (69.4kg/ 
hi) comp ared with Salvo (67.7 kg/hi). 
Arangino et al. (1987) conducted nitrogen fertilizer 
experiments on three triticale cultivars in Italy, giving 80 ,120 
or 160 kg N / h a . Analysis showed that, in general, the lower 
nitrogen rates significantly increased grain yield at an altitude 
of 500 m, 120 kg N / h a gave maximum average grain yields 
of 4 .3 t / ha . 
In Punjab, Samra and Singh (1987), studied the response 
of triticale variety TL-419 to sowing dates, nitrogen levels (0, 
50, 100 and 150 kg N/ha) and seed rates (60, 90 and 120 
kg/ha) for two years. The application of nitrogen at 150 kg / 
ha and seed rate of 120 kg/ha gave significantly higher yield 
during both the years. 
At Aligarh (India), encouraging results of mineral 
nutritional studies on triticale have been obtained by Afridi, 
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Samiullah, Inam and their associates. They performed a 
number of field trials to study various aspects of the mineral 
nutrient requirements of several varieties of triticale mainly 
developed and released by CIMMYT, Mexico. Afridi et al. 
(1977), conducting trials with two wheat and two triticale 
cultivars giving various N rates (90, 120, 150 kg/ha) 
concluded that 120 kg N /ha as urea was the optimum N rate 
. The cultivar;«N level interaction showed that wheat variety 
HD-1982 with 150 kg N/haatid Armadillo ppv-13 triticale with 
120 kg N /ha gave the highest yields. Armadillo ppv-13 was 
recommended for commercial cultivation in western Uttar 
Pradesh. 
At another time, field trials were conducted with three 
triticale cultivars grown with basal application of nine 
combinations of N, P and K rates. The optimum fertilizer rate 
was found to be 120 kg N + 60 kg Pfi^ + 60 kg Kfi (30 
kg K/ha). When comparing two cultivars each of triticale and 
wheat, given 90-150 kg N/ha , yields were highest with 120 
kg N / h a . Moreover, it was observed that the application of 
fertilizers resulted in a significant increase in growth and leaf, 
NPK contents as well as yield but it had an adverse effect 
on the germination percentageHnam et al., 1982 a,b). 
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Moinuddin et al. (1985) made a detailed investigation of 
the nutrient requirements of new triticale varieties by studying 
the effect of three levels each of nitrogen (N^^Q, Nggo^  ^250) 
and phosphorus applied as PgOg (Pg^, P^Q , P^Q) on the growth 
characters of four triticale varieties (TL-419, Tigre S, Muskox 
and Delfin), and one variety each of wheat (HD-1982) and rye 
(Russian rye). They observed t h a t Ngoo P40 ^ ^ s the best 
combination for all the varieties tested . Delfin gave the best 
performance with Ngoo P40 ^ Delfin proving to be the optimum 
combination for all the growth attributes. They further 
observed that all growth characters contributed significantly to 
the yield of triticale and wheat. 
SamiuUah et al. (1987) studied the effect of nine basal 
combinations of NPK on growth characteristics of triticale in 
the field and found that fertilizer application favourably 
affected all growth characteristics. Further, they observed that 
in general, combinations containing 120 kg N / h a were more 
effective for most of the parameters in all the three varieties 
under investigation. 
2 . 3 . 1 Yie ld ing abil ity and grain y ie ld 
The primary objective of the world-wide triticale project 
is to provide more food of better nutritional value for people 
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who depend on cereal grains. Having come upto the mark with 
respect to grain quaHty as well as yielding ability, triticale has, 
indeed, given a new hope for providing a solution to the food 
problem of the world in future. 
The earlier strains of triticale were comparatively inferior 
to the traditional cereals in their yielding ability, except in 
some less fertile soils, at high altitudes or at low temperatures. 
However, interestingly, within two decades, the untiring 
efforts of scientists engaged in improving the yielding ability 
of this cereal have resulted in the development of several new 
varieties with greatly improved yield potential. Workers at 
CIMMYT and elsewhere have made their respective contribu-
tions in this field. Further, the newly developed varieties have 
been subjected to fertilizer trials in different agroclimatic 
conditions of the world in order to test the desirability of their 
cultivation on commercial scale. A brief resume of the 
available reports is given below. 
Larter (1974), giving a brief review of twenty years of 
triticale research at the University of Manitoba, Canada, noted 
that, during 1973 , the mean yield of all advanced triticale lines 
was 105% of the bread wheat Manitou and the commercial 
triticale Rosner . The highest yielding line exceeded Manitou 
and Rosner by as much as 30%. 
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Sergienko (1974) reported f»m former USSR that tnticale 
gave grain yields of 6.8 t / ha which were almost twice the 
yields of the best winter wheat.Gregory (1974) emphasised 
that triticale lines outyielded wheat and believed that the yield 
potential of triticales was probably much higher than that of 
the wheat check • 
Wooding et a/. (1977), while evaluating triticale as a 
potential crop for interior Alaska, reported that the selected 
lines of spring varieties of triticale gave higher yields than 
other cereals of the region. 
Barnett and Luke (1979), working in Florida (USA), 
reported that triticale generally gave higher yields than the 
other grain crops, including wheat, oats and barley. 
Bagulho (1980) reported from Portugal that the selected 
triticale cultivars gave average yields that were 24- 37% higher 
than those of the standard wheat cultivar and 5 5 - 7 1 % higher 
than the standard rye cultivar. 
Alvi (1984) at Aligarh (India), applied three levels of 
nitrogen (100, 150 and 200 kg N/ha) and three of phosphorus 
(13, 26 and 39 kg P/ha) , together with a uniform dose of 
potassium (26 kg K/ha), to two varieties of triticale (Armadillo 
PM 108 and Bronco 90) and one wheat cultivar (HD-1982). 
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The optimum fertilizer dose was found to be 200 kg N + 26 
kg P / h a for most of the yield attributes, including average 
grain yield (40.6 q/ha) , which exceeded the control (NQPO) by 
116%. Armadillo PM-108 gave 24% more grain yield than 
Bronco-90, and surpassed the wheat check in ear length, 
spikelet number/ear , 1,000 grain weight and straw yield, but 
its grain yield was only 80 .5% of the wheat check. 
Ashfaq et al. (1984) also conducted a field experiment 
at Aligarh to study the effect of seven levels of basal nitrogen 
from 0-300 kg N /ha applied with a uniform dose of 25 kg 
P and 25 kg K/ha, on eight yield parameters of two triticale 
varieties (Badger-PM 118 and Bronco-90). A significant 
response to nitrogen application in all yield parameters was 
noted, with 150 kg N/ha proving optimum for most of the 
characters. Variety Badger-PM 118 significantly out yielded 
Bronco-90 by 9.9%. 
Dimitrov (1985) studied the influence of fertilization with 
N, P and K upon the productivity of triticale in Bulgaria. He 
tested six variants, viz. control {NJ>^K^); N^^^PiooKo; N^.oP^^oKo; 
^160^1,30^130; N200P160K0; N200P160 K160 and came to the 
conclusion that triticale possesses high productivity, the 
highest yield being obtained with NgooP^goK .^ According to him, 
fertilization with K did not increase the yield and hence was 
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not recommended for the investigated soils. 
Inam et al. (1985), after studying the effect of nine 
combinations of basal NPK on the yield characteristics of three 
triticale varieties (Armadillo PPV 13, Armadillo T15 and 
Badger PM 119) in a field experiment at Aligarh, found all 
the eight yield attributes to be affected significantly by 
fertilizer application. The treatment N^go^eo^eo S^^^ ^he 
maximum grain yield through its beneficial effect on ear 
number and ear weight/plant , length and spikelet number/ear 
and grain number/ear . 
Reports from CIMMYT revealed yield data from the 16th 
ITYN for various agroclimatic regions (acid soils, irrigated 
subtropical, dry lands, highlands, Mediterranean and winter 
regions with spring planting) showing the average yield of the 
top five triticales higher than that of the bread wheat check 
in all areas, except the irrigated subtropics (Anonymous, 
1987). 
Dziamba (1987), working in Poland, studied the effect of 
fertilizer and CCC application on yield, yield components and 
grain quality of triticale, rye and wheat. The fertilizer dose 
consisted of 0, 150, 300 or 450 kg NPK together with 2 or 
4 kg CCC/ha . The results showed that 150 kg NPK/ha gave 
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the highest yields while CCC application reduced 1,000 grain 
weight but increased average grain yield and other yield 
components . 
Gupta and Patil (1987), studying the production potential 
of triticales in India, as affected by levels of nitrogen and 
irrigation found that increasing N rates from 0 to 100 kg / 
ha increased the yields from 3.61 to 4 .36 t / ha in 1981-82 
and from 2.78 to 4 .53 t / h a in 1982-83 . Yields were, however, 
decreased with 150 kgN/ha. 
Naylor (1987), comparing the responses of grain weight 
in wheat and triticale to N fertilizer rates of 0-180 kg/ha, 
reported that the grain weight of wheat was reduced at higher 
rates of applied N but that of triticale remained constant. 
Vaulina (1987) from former USSR while studying the 
effect of mineral nutrition on grain yield in triticale, found 
that the application of PK + 90 kg N /ha increased the yield 
of triticale from 2.22 t / h a to 3.17 t / ha . It was also observed 
that further increases in N rates were not effective. 
There are several other reports from various workers 
about the superior yielding ability of triticale compared to its 
parents . These include Anonymous (1978) from Mexico, 
Barradas (1978) from Portugal, Seatonberry (1978) from 
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Australia, Shulyndin and Sotnikov (1980) from former USSR, 
Gill et al. (1981) from Ludhiana (India), Leite et al. (1981) 
from Brazil, Nebreda and Parodi (1981) from Chile, Barriga 
et al. (1984b) from Chile, Moinuddin and Ata (1985) from 
Aligarh (India), Tsaukova et al. (1986) from Bulgaria, Ittu et 
al. (1987) from Romania, Baets and Haesaert (1989) from 
Ghent; Felicio et al. (1987) from Brazil, Reddy and Bahl 
(1989) from India and Staut et al. (1989) from Brazil. 
2 . 3 . 2 Grain quality 
The quality of a cereal grain is measured principally by 
its lysine content ( lysine/100 g protein). Triticale, in this 
respect is considered nutritionally better than wheat as it 
contains higher grain protein and more balanced amino acid 
composition with higher proportion of lysine, than wheat 
(Villegas et al., 1 9 6 8 ; Hulse and Spurgeon 1974; 
Venkateshwara et al., 1978). 
Earlier workers who proved the superiority of triticale 
quality with regard to protein and /o r lysine content of the 
grain over that of wheat and other traditional cereals include 
Hulse and Laing (1974), Villegas and Bauer (1975) at 
CIMMYT in Mexico, Demir et al. (1978) in Turkey, 
Dobrovolskaya (1978) in Russia, Dziamba (1978) and Haber 
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(1979) in Poland, Pleshkov et al. (1979) in former USSR,Chen 
et al. (1979) in Taiwan, Chmeleva and Rekhmetulin (1980) 
in former USSR, Rimann (1980) in former Czechoslovakia and 
Bernard and Vermorel (1981) in France. Chen et al. (1979) 
found an inverse relationship between the protein content in 
the grain and the lysine content in protein which was 
confirmed by later workers, including Dimitrov and Ilcheva 
(1985). 
Cherginets et al. (1980), after conducting field trials at 
Moscow to study the effect of NPK nutrition on the grain 
quality of triticale, reported that the application of 90 kg N 
(in two split dressings) + 90 kg Pp^ + 90 kg K2O or 180 
kg N (in three dressings) + 120 kg P^^^ + 90 kg K20/ha 
increased the grain protein content from 13 .3% without NPK 
to 14.4 and 15.6% respectively during the first year and from 
12.6 to 13.4 and 1 4 . 1 % during the second year. This protein 
content of triticale was considerably higher than that of wheat 
grain. 
Bertoni and Rossi (1981) investigated the chemical and 
nutritional characteristics of the grain of 33 new lines of 
triticale and concluded that grain of triticale, on average, had 
crude protein - 13 .5% ether extract - 2.2%, crude fibre - 3.0%, 
nitrogen free extract 79.4%, ash 2.0% and starch 65 .5%. 
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Moreover, values for essential amino acids were intermediate 
between those for wheat and rye, except for methionine, vaHne 
and tryptophan which were less. 
In India, Chawla and Kapoor, (1982, 1983), working at 
Hissar (Haryana), studied the chemical composition and 
protein quality of wheat and triticale flour and evaluated the 
nutritional quality of the "chappatis" prepared after 
substituting different proport ions of wheat flour with triticale 
flour. They found that the flour of triticale varieties contained 
higher amonts of protein, crude fibre, total and available lysine 
and lower contents of gluten than wheat. They also observed 
that as the proportion of triticale flour in chappatis increased, 
the protein quality of the chappatis improved. 
Jardine and Gunther (1982), working on the behaviour 
of mixed wheat and triticale flour in baking, reported that 
bread produced by a 90 :10 flour was of very good quality, 
nearing the wheat flour standard. 
Morey and Evans (1983) from USA, after studying the 
amino acid composition of six grain crops, reported that 
triticale and rye grains were higher in lysine than wheat grain 
and the triticale cultivar Beagle 82 was higher in most of the 
amino acids than the other triticale cultivars tested. 
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Barriga et al. (1984b) compared the nutritional and 
milling quality of triticale and spring wheat at Chile. According 
to them, compared to wheat, triticale had 48% higher whole 
grain protein content (13.7 vs. 9.3%), 16% higher protein 
yield (506.7 vs. 435 .9 kg/ha) and 26% higher lysine content 
inthe grain (0 .374 vs. 0.297%). 
Dimitrov (1984) studied the protein and lysine contents in 
the grain of Bulgarian triticale cultivar No. 7291, as influenced 
by three autumn and one spring seeding and three mineral fertilizer 
levels. Protein level increased due to later seeding dates and high 
mineral fertilizer rates and lysine content in grain protein was 2.84-
3.94%, 3.34% on the average. The presence of a negative 
correlation between grain yield per hectare and protein content in 
the grain was confirmed. Later, Dimitrov and Ilcheva (1985) made 
a detailed study of the effect of date of seeding, rateof seeding 
and level of fertilizer application on the protein content and amino 
acid composition of triticale. They found that, statistically, change 
in protein content was observed only as a result of seeding date. 
Fertilizer application did not lead to significant increase in protein 
content due to sufficient nutrient elements in the soil. 
Piech and Braun (1984), working in Poland, observed the 
effect of nitrogen fertilizer level on the amino acid content 
of triticale cultivars MT-29515 and B-2061 grown in Poland 
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with 0, 50, 100 or 150 kg N/ha . They reported that the 
essential amino acid index was reduced at low and was 
increased at high N rates. 
Burgstaller and Koch (1985), estimating the feeding value 
of triticale, found that the mean crude protein, fat, fibre and 
nitrogen-free extract in DM of 4 varieties of triticale were 
13.8 , 1.5, 2.4 and 8 0 . 1 % with 67% starch and 3.4% sugars. 
Mean values for lysine, methionine, cystine and threonine were 
3.4, 1.7, 2 .3 and 3.1 g / 1 0 0 g crude protein. 
At Kanpur (India), Yadav and Srivastava (1986) studied 
the influence of agronomic practices including sowing date, 
irrigation and fertility level on protein and lysine contents and 
their yields in triticale. According to them, earlier sowing dates 
gave higher grain protein percentage while crop sown at later 
dates had higher lysine content. 
Vaulina (1987) from former USSR while studying the 
effect of mineral nutrition on grain yield and quality of 
triticale, found an increase in the grain protein content from 
12.0% to 14.4% by the application of PK + 90 kg N/ha . 
Bakhshi et al. (1989) working at Ludhiana (India), tested 
the grains of twenty eight triticale varieties along with a wheat 
check and they observed that triticale, on an average, had 
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higher protein in grain and flour than wheat. The gluten 
content and its quality were, however, poor. The chappatis 
prepared from triticale were reddish in colour, less sweet and 
lacked puffing. But the lines TL-1210 and TL-1772 produced 
comparable chappatis to bread wheat and some of the strains 
like TL-1217, TL-2226 and TL-1772 showed more protein. 
They also produced good bread, cookies and chappatis . 
2 . 3 . 3 Mineral content of grain 
It is generally agreed that triticale is a good source of 
minerals. However, very little work has been done to explore 
the mineral contents of triticale and only a few references are 
available in this connection, as can be seen from the review 
given below. 
Lorenz et al. (1974a,b) of USA, studied the mineral 
composition of five varieties of triticale- and its milling 
fractions. They found that the triticale grains contained 
minerals in the following proportions - K 0.44%, P 0.4%, Mg 
0.19%, Ca 0 .03% and Mn 55, Fe 52, Na 4 5 , Br 3 3 , Zn 26, 
Cu 7, Sr 5 and Rb 3 pg/g . Moreover, a comparison of the 
triticale varieties with durum wheat and rye indicated that the 
triticales contained higher amounts of K, P, Mg, Na, Mn, Cu 
and Zn. 
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Shulyndin and Pshenichnaya (1976), from former USSR, 
reported that the grains of triticale cultivars contained higher 
N and P contents than those of wheat and rye and higher K 
contents than those of wheat but lower than those of rye. A 
similar trend for contents of these nutrients in the straw was 
also observed. 
Kozak and Tarkowski (1977) from Poland, after evaluating 
the minerals in grains of triticale, wheat and rye, found that 
the average contents of mineral elements in triticale, wheat 
and rye, respectively were : N 2.6, 2.2 and 1.8; PgOg 1.10, 
0 .94 and 0 .69; K2O 0 .53 , 0 .54 and 0 .49; MgO 0 .85 , 0.74 
and 0.66 and NagO 1.3, 1.3 and 1.4; CaO 20, 13 and 17; 
Zn 2 .36 , 1.80 and 2 .04; Fe 1.96, 1.91 and 1.98; Mn 2 .33 , 
1.94 and 2 .27; Cu 0 .32, 0 .21 and 0 .45 ; Pb 0 .067 , 0 .073 
and 0 .079 m g / 1 0 0 g. 
The same workers in 1979 studied the contents of Cu, 
Zn, Mn, Fe and Mg at different stages of growth of triticale, 
wheat and rye and reported that the mineral content of the 
aerial part of triticale, wheat and rye was highest at the stage 
of stem elongation and least at full r ipeness. In fully ripe grain 
of triticale, the mineral contents were as follows : Cu - 0 .3 , 
Zn - 2.2, Mn - 3 . 1 , Fe - 2.0 and Mg - 90 m g / 1 0 0 g (Kozak 
and Tarkowski, 1979a,b). 
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Bertoni and Rossi (1981), further estimated that the K, 
P, Mg and Zn contents of triticale grain were higher. Whereas 
Na and Fe contents were less than in wheat or rye. Ca, S, 
Cu and Mn values for triticale were moderate . 
Bubicz et al. (1981) of Poland after groiwig triticale, 
wheat and rye in the field, determined the contents of Cu, 
Zn, Mn and Fe in tops and roots at the beginning of ear 
development. They found that, in all the three cereals, Fe 
contents were highest and Cu contents lowest. Triticale 
contained the highest levels of Cu and Fe, wheat the highest 
level of Mn and rye the highest level of Zn. 
Inam et al. (1982b) tested three triticale varieties at 
different stages of growth for leaf N, P and K contents at 
Aligarh (India). They found that nutrient content increased 
significantly by the application of fertilizers. The dose 
^120^60^60 gsv^ the maximum values for N at all stages. For 
P' N^oPg^Kgo, N120P30K30 and N^^^PgoKgo and for K, N^^oPeoKeo' 
Ng^Pg^Rgp and N^goPeo^ao were most effective at tillering, 
heading and milky grain stage respectively. N, P and K 
contents were highest in the triticale cultivar Armadillo PPV 
13 at tillering. At heading and milky grain stages, N and K 
were highest in Badger-PM 119 and P in T^^. 
Graham et al. (1983) Australia, while studying the 
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response of triticale to nitrogen fertilizer, observed that with 
increasing level of N supply, grain and straw N increased upto 
fertilizer levels of 140 and 105 kg N /ha respectively. 
Piech and Braun (1984), also found that increasing N rate 
increased total N content, but had little consistent effect on 
contents of individual amino acids. Moreover, of the two 
triticale cultivars, B-2061 had a lower total N content but a 
higher b logical value of the protein than MT-29515. 
In Germany, Burgstaller and Koch (1985) as mentioned 
earlier also noted that in tnticale, the contents of calcium, 
magnesium and potassium were similar to those in wheat and 
barley, but mean phosphorus and sodium values were 4.6 and 
0 .03 g/kg DM. 
Latif et al. (1986) working in Pakistan, conducted a field 
experiment to investigate the P and Zn nutrition of triticale 
and wheat and found that applied P decreased Zn concentra-
tion, while Zn application had little effect on the P 
concentration of the two crops. 
Lasztity (1987) studied the variation in the content of 
various elements, including N, P, K, Ca, Mg, Fe, Mn, Zn, Cu, 
B, Ba, Be, Bi, Sn, Sr, Sb, Ti, Te, Se, V, As and Hg 
concentrations in triticale under field conditions, in Hungary. 
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The samples were collected every ten days from tillering to 
full ripening stage. The concentrations were generally found 
to decrease from early growth to harvest. A notable feature 
observed was that the elemental concentrat ions in triticale 
differed from that of the other cereals, but the trend of the 
variation was similar. 
Naylor (1987), studying the nitrogen content of triticale 
grain in relation to nitrogen fertilizer and CCC applications, 
found that higher N rates increased grain N content from 
1.41% with no applied N to 1.76 and 1.90% with 150 and 
180 kg N /ha respectively. Regarding CCC applications, early 
application decreased and late application increased the grain 
N content. 
Triticale may be expected to play an important role in 
feeding the alarmingly increasing world population in the 
future. However, taking all aspects into consideration, it can 
be concluded from the above review that despite remarkable 
progress in triticale research during the last thirty years, there 
are many lacunae that require further investigation. The 
purpose of this study was mainly to probe into some of these 
neglected aspects . 
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CHAPTER 8 
MATERIALS AND METHODS 
The present study was undertaken to evaiuate the influence 
of potassium alongwith nitrogen and phosphorus on triticale under 
the local agro-cUmatic conditions of AHgarh, Western Uttar 
Pradesh. The five experiments performed during the years 1991-
94 included critical studies of : 
a) Potassium requirement of triticale in comparison with wheat. 
b) Interaction effect of potassium and nitrogen on triticale. 
c) Interaction effect of potassium and phosphorus on triticale. 
d) Effect of split application of nitrogen with potassium. 
e) Feasibility of achieving fertiliser economy through foliar 
nutrition. 
These trials were conducted during the rabi (winter) seasons 
at the Agricultural Farm of the Aligarh Muslim University, Aligarh. 
The details of each experiment alongwith the variety used and the 
experimental procedures adopted are given below: 
.^-^ ' l^^l^^.->^^'-
,4.' 
( Ace. No ) I 
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3 . 1 Agro- c l imat ic c o n d i t i o n s 
Aligarh is situated in North India and is one of the seventy 
five districts of Uttar Pradesh. It is situated at 27° 5 1 ' N latitude, 
78° 5 1 ' E longitude and at an altitude of 1 8 7 . 4 5 m. It has semi-
arid and sub-tropical climate with hot dry summers and cold 
winters. The winter starts from the end of October and continues 
till the middle of March, with December and January being the 
coldest months. The mean temperature for December and January 
was about 15.0 °C and 13.0 °C, whereas, the extreme minimum 
temperature recorded was 2.0 °C and 0.5 °C respectively. During 
summer the average temperature recorded for the hottest months 
i.e. May and June was 34 .5 °C and 34 .0 °C with an extreme 
maximum record of 45 .0 °C and 45 .5 °C respectively. The average 
annual rainfall in the district was 747 .30 mm, more than 85% of 
which poured during the months of June to September. About 10% 
of the rainfall occurs during winter which is very useful for rabi 
crops (Figs. 1-3). The soil composition of Aligarh varies from sandy 
to loamy, clay-loam and sandy loam, of which the last one is the 
most common type in the locality. 
3 . 2 S o i l c h a r a c t e r i s t i c s 
Soil samples were collected randomly at a depth of 15 cm 
from various plots before starting each experiment in the field. 
The collected samples were mixed to form a composite soil sample 
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and then analyzed in the Environmental Plant Physiology Lab., 
Department of Botany, AHgarh MusUm University, AHgarh for their 
various physico-chemical propert ies . The soil analysis data are 
given in Table 1. 
3 . 3 Preparat ion of the Exper imenta l f ield 
Before starting each experiment, the field was thoroughly 
ploughed in order to ensure proper aeration alongwith the 
elimination of weeds. Thereafter, the required number of 
experimental plots of size 10 sq m (4x2.5 m) each were prepared. 
A light irrigation was given before sowing to maintain the proper 
moisture content in the soil. The pre-scheduled basal fertilizer dose 
containing nitrogen, phosphorus and potassium was added before 
sowing in each plot, according to the aim and objective of each 
experiment. 
3 . 4 Fie ld e x p e r i m e n t s 
Five field experiments were conducted during the 'rabi ' 
(winter) season of 1991-94 . Experiment 1 was conducted during 
the first rabi season (1991-92) , Experiments 2 and 3 were 
performed in the next season (1992-93) and Experiments 4 and 
5 in 1993-94 . Details of each experiment are given below, 
3 . 4 . 1 Exper iment 1 
This experiment was designed to study the comparative 
performance of two triticale varieties, viz. Delfin, the high yielding 
Table 1 Physico-chemical characterisitcs of the surface soil 
(Experiments 1-5) 
Characteristics Experiment 1 Experiments 2 & 3 Experiments 4 & 5 








































CIMMYT variety and TL-419, bred and released by the scientists 
of Punjab Agriculture University, Ludhiana, India and one locally 
popular high yielding wheat cultivar (HD-2204), under four levels 
of basal potassium (20, 40, 60 and 80 kg/ha) with regard to their 
growth, yield and quality characteristics. A uniform basal dose of 
150 kg N / h a and 60 kg P / h a (established to be optimum for 
triticale and wheat earlier at Aligarh) was also applied at the time 
of sowing. Sources of nitrogen, phosphorus and potassium were 
commercial grade urea, monocalcium superphosphate and muriate 
of potash respectively. The scheme of the various treatments is 
given in Table 2. 
The design of the experiment was factorial randomized with 
three replications. Since there were four t reatments and three 
varieties and each combination was replicated thrice, 36 plots of 
10 sq m each were prepared. The pre-scheduled fertilizer dose 
was first applied to each plot and then surface sterilised seeds were 
sown at the rate of 100 kg /ha . Sowing was done on 10 November, 
1991 by "behind the plough" method. During the course of 
growth, the crop was irrigated three times and weeded twice, at 
early tillering and heading stages. Harvesting was done manually 
on two different dates according to the maturity of the individual 
varieties. Thus, wheat and TL-419 were harvested on 1 April while 
Delfin was harvested on 15 April 1992 . 
Table 2 Summary of treatments given in Experiment 1 (1991-92) 
Varieties Treatments (Kg K/ha) 
Triticale 
Delfin 20 40 60 80 
TL-419 20 40 60 80 
Wheat 
HD-2204 20 40 60 80 
N.B. A uniform basal dose of nitrogen (150 Kg N/ha) and phosphorus (60 Kg P/ha) 
was applied to the soil at the time of sowing. 
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3 . 4 . 2 Exper iment 2 
This experiment was conducted during 1 9 9 2 - 9 3 . The aim of 
this experiment was to study the interaction effect of varying doses 
of potassium and nitrogen, apphed basally, on growth, yield and 
quahty of triticale cultivar "Delfin". In a factorial randomized block 
design, four levels of potassium in the form of muriate of potash 
@ 20 , 40 , 60 and 80 kg K/ha were applied in combination with 
three of nitrogen in the form of urea at the rate of 120, 150 
and 180 kg N / h a alongwith a uniform basal dose of phosphorus 
at the rate of 60 kg P / h a in the form of monocalcium 
superphosphate (Table 3). 
Each t reatment was replicated three times and, thus, there 
were a total of 36 plots. The size of each plot was 10 sq m. 
The respective dose of fertilizer was applied in each plot and 
sowing was done on 11 November, 1992 by the usual 'behind the 
plough' method. Seed rate was 100 kg/ha . Irrigation was given 
three times according to the requirements of the crop while 
weeding was done twice. The crop was harvested manually on 17 
April, 1 9 9 3 . 
3 . 4 . 3 Exper iment 3 
The third experiment was carried out simultaneously with 
Experiment 2. In this experiment, an attempt was made to study 
the interaction effect of potassium and phosphorus on the triticale 
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cultivar "Delfin", by varying their levels. Four basal doses of 
potassium at the rate of 20 , 40 , 60 and 80 kg /ha were tested 
alongwith three levels of phosphorus at the rate of 30, 60, and 
90 kg /ha and the result of their interaction was studied on the 
growth ,yield and quality characteristics of "Delfin". Nitrogen was 
applied as a uniform basal dose at the rate of 150 kg/ha . 
The experiment was designed on a factorial randomized basis 
and there were three replicates of each t reatment . Thus, 36 plots 
of 10 sq m each were prepared. The scheme of the experiment 
is given in Table 4. The prescribed fertilizer dose was applied to 
the plots at the time of sowing and the seed rate was kept at 
100 kg /ha . Sowing was done on 12 November, 1992 . During the 
entire growth period, weeding was done twice and irrigation was 
given thrice according to the requirement of the crop. The crop 
was harvested manually on 20 April, 1 9 9 3 . 
3 . 4 . 4 Exper iment Cf. 
This experiment was conducted during the rabi season of 
1993-94 . The aim of the experiment was to compare the effect 
of nitrogen applied basally (once) and in spHt doses (twice) along 
with two levels of potassium (comprising the optimum and sub-
optimum dose established in Experiment 1), on the yield 
characteristics and grain quality of triticale cultivar "Delfin" so as 
to select the best possible combination and technique of potassium 
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and nitrogen application for triticale cultivation under local 
conditions. 
This experiment was conducted according to factorial 
randomized block design. As shown in the scheme of the 
t reatments given in table 5, there were four doses of nitrogen 
comprising two full basal doses of 120 kg and 150 kg /ha and two 
split applications of 90 + 30 kg and 120 + 30 kg /ha , which were 
combined with two basal doses of potassium (30 kg and 60 k g / 
ha). Phosphorus was given as a uniform basal dose to all the plots 
at the rate of 60 kg P /ha . Each treatment was replicated three 
times and hence 24 plots were prepared for this experiment. All 
the agricultural practices, like the seed rate, sowing method, 
weeding, irrigation, mode of fertilizer application and the sources 
of nitrogen, phosphorus and potassium were the same as in earlier 
experiments. The seeds were sown on 13 November, 1993 and 
the top dressing of nitrogen was applied to the specified plots, 
at tillering stage of crop growth. The crop was harvested manually 
on 20 April 1994 . 
3 . 4 . 5 Exper iment 5 
This experiment was carried out together with Experiment 4 
with the aim to investigate the feasibility of fertihzer economy 
(Table 6). Four nitrogen doses, including two full basal applications 
a t the rate of 120 kg and 150 kg /ha and two split applications. 
Table 5 Summary of treatments given in Experiment 4 (1993-94). 
Treatments (Kg N/ha) 



















Basal nitrogen only 
M 
Basal nitrogen and 
top dressing at 
tiUering 
II 
N.B. A uniform basal dose ofphosphorus (60 Kg P/ha)was applied to the soil at the 
time of sowing. 
Table 6 Summary of treatments given in Experiment 5 (1993-94). 
Treatments (Kg N/ha) 
Basal(B)/Foliar Spray(Fj^ ) 
N120 















Basal nitrogen only 
II 
Basal nitrogen and 
foliar spray at early 
heading 
If 
N.B. A uniform basal dose ofphosphorus (60 Kg P/ha) was applied to the soil at the 
time of sowing. 
62 
comprising a basal dose of 90 or 120 kg /ha both supplemented 
with foliar sprays at the rate of 10 kg /ha , were given in 
combination with two levels of potassium, viz. 30 kg and 60 kg / 
ha. The experiment was carried out on triticale cultivar Delfin 
based on a factorial randomized basis with three replicates of each 
t reatment . The source of basal and leaf applied nitrogen was urea 
and the spray was done at early heading stage of growth. The 
sowing date , seed rate and rest of the agricultural practices were 
the same as in Experiment 4. The crop was sown on 14 November, 
1993 and harvested on 21 April, 1994 . 
3 . 5 S a m p l i n g Technique 
To assess the effect of fertiliser application on the crop, 
samples were collected at tillering , heading and milky grain stages 
for the study of growth characteristics and at harvest for the study 
of yield characteristics. Random selection of three plants was done 
from each plot. 
3 . 6 Growth Character i s t i c s 
The following growth characteristics were noted at the three 
stages of the crop 
1. Leaf number /p lant 
2. Tiller number /p lant 
3. Shoot length/plant (cm) 
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4. Fresh weight /plant (g) 
5. Dry weight /plant (g) 
Leaf number would be a measure of differentiation and tiller 
number, of meristematic activity. The fresh and dry weight would 
account for total productivity in terms of rate of increase of 
weight, volume and dry matter accumulation. To assess dry weight 
of shoot, the three plants already evaluated for their various 
growth parameters were dried for about 72 hours in an oven 
maintained at 80 °C. 
3 . 7 Yie ld Charac ter i s t i c s 
At harvest, three plants were sampled randomly from each 
plot and the following characteristics were studied 
1. Ear number /p lant 
2. Ear weight /plant (g) 
3. Length /ear (cm) 
4. Spikelet number /ea r 
5. Grain number / ear 
6. 1,000 grain weight (g) 
7. Grain yield (q/ha) 
8. Straw yield (q/ha) 
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After harvesting, the produce was allowed to dry for a few 
days and the weight of the total produce (straw + grain) of each 
plot was recorded. The grain in the total yield of each plot was 
threshed out manually and its weight was recorded. Straw yield 
was then obtained by subtracting the grain yield from the weight 
of the total produce recorded before threshing. 
3 . 8 Chemica l ana lys i s of grain 
The grain of each sample was chemically analyzed for 
assessing : 
1. Percentage of nitrogen 
2. Percentage of phosphorus 
3. Percentage of potassium 
4. Protein content 
5. Carbohydrate content 
The chemical analysis of grain was carried out as follows 
3 . 8 . 1 N, P and K c o n t e n t 
The grain powder of each sample was kept at 70 °C overnight 
before being digested and analyzed for its, N, P and K contents 
according to the method of Lindner (1944). 
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3 . 8 . 1 . 1 D i g e s t i o n of grain powder 
100 mg of the dried grain powder of each sample was 
weighed and carefully transferred to a 50 ml Kjeldahl flask. 2 ml 
of chemically pure sulphuric acid was added to it and digestion 
was continued on a heating mantle for two hours to allow complete 
reduction of nitrates present in the plant material. When the colour 
or the material turned to brownish black, the flask was cooled for 
15 minutes, followed by drop-wise addition of 0.5 ml of chemically 
pure 30% hydrogen peroxide. The solution was heated for about 
half an hour till its colour changed from brownish black to light 
yellow. It was then cooled and 3-4 drops of hydrogen peroxide 
were added, followed by gentle heating for another 15 minutes 
to get a clear and colourless solution. 
The peroxide-digested material was transferred to a 100 ml 
volumetric flask and the volume was made upto the mark with 
double distilled water. Required aHquots of the peroxide-digested 
material were used to estimate the nitrogen, phosphorus and 
potassium contents . 
3 . 8 . 1 . 1 . 1 Es t imat ion of n i t rogen 
The nitrogen content of the sample was estimated according 
to Lindner (1944). A 10 ml ahquot of the peroxide digested 
material was taken in a 50 ml volumetric flask and to this 2 ml 
of 2 .5 N sodium hydroxide was added to neutralize the excess of 
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acid. In order to prevent turbidity, 1 ml of 10% sodium silicate 
solution was added and the volume of the solution was made upto 
the mark with the help of distilled water. 5 ml of this solution 
was taken in a 10 ml graduated test tube and 0.5 ml of Nessler's 
reagent was added drop-wise, being mixed thoroughly after each 
drop. Distilled water was added to make the volume upto 10 ml 
and the contents were allowed to stand for 5 minutes for maximum 
colour development. 
The solution was then transferred to a colorimetric tube and 
the optical density measured at 5 2 5 nm using a Bausch and Lomb 
"Spectronic 20" colorimeter. A blank was run with each set of 
determinations. The amount of nitrogen in the aliquot was read 
from a calibration curve, obtained by using known dilutions of a 
standard ammonium sulphate solution. Nitrogen in the grains was 
determined in terms of percentage on dry weight basis. 
3 . 8 . 1 . 1 . 2 Es t imat ion of p h o s p h o r u s 
Phosphorus was estimated according to the method of Fiske 
and Subba Row (1925). 
A 5 ml aliquot of the peroxide-digested material was taken 
in a 10 ml graduated test tube and 1 ml molybdic acid (2.5% 
ammonium molybdate in 10 N HgSO^) was added with care, 
followed by 0.4 ml of 1,2,4 - aminonaphthol sulphonic acid. The 
colour of the solution turned blue. Distilled water was then added 
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to make the volume upto the mark. The solution was mixed 
thoroughly, kept for 5 minutes for full colour development and 
then transferred to a colorimetric tube. 
The optical density of the solution was read at 620 nm with 
the help of a "Spectronic 20" colorimeter. A blank was run 
simultaneously with each determination. The standard calibration 
curve was prepared by using known concentrat ions of monobasic 
potassium phosphate solution. The reading of the samples was 
compared with this curve and phosphorus content in the grain was 
computed in terms of percentage on dry weight basis. 
3 . 8 . 1 . 1 . 3 Est imat ion of p o t a s s i u m 
Potassium content in the sample was estimated flame 
photometrically. A 10 ml aliquot was taken and read directly with 
the help of a flame photometer . A blank containing only distilled 
water was run side by side. The readings were compared with a 
calibration curve plotted for different dilutions of a standard 
potassium sulphate solution. 
3 . 8 . 2 Grain prote in conten t 
Protein in the grain was estimated by the method of Lowry 
et al., (1951). 50 mg of the dried grain powder was weighed and 
transferred to a mortar and ground by a pestle with 5 ml of 
distilled water. The ground material was collected in a centrifuge 
tube. The tube was centrifuged at 4 ,000 rpm. The supernatant 
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was collected in a 25 ml volumetric flask, using two or three 
washings with distilled water. The volume was made upto the mark 
with distilled water and kept for the estimation of soluble protein. 
The residue was used for the estimation of insoluble protein. 
The following reagents were prepared for the estimation: 
Reagent A - 2% sodium carbonate in 0.1 N sodium hydroxide in 
1:1 ratio. 
Reagent B - 0 .5% copper sulphate in 1% sodium tar tarate in 1:1 
ratio. 
Reagent C - Alkaline copper sulphate solution obtained by mixing 
50 ml of reagent A with 1 ml of reagent B. 
Reagent D - Carbonate copper sulphate solution obtained by 
mixing 50 ml of 2% sodium carbonate with 1 ml of 
reagent B. 
Reagent E - Diluted Folin reagent, obtained by diluting the Folin 
reagent to make it 1 N in acid. 
3 . 8 . 2 . 1 S o l u b l e prote in 
1 ml of water extract was taken in a 10 ml test tube and 
5 ml of reagent C was added to the extract. The solution was 
mixed well and allowed to stand for 10 minutes at room 
temperature . 0.5 ml of reagent E was added rapidly with immediate 
mixing. The solution was left for 30 minutes. A blue coloured 
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solution was obtained. It was transferred to a colorimetric tube 
and the optical density read at 660 nm on a Bausch and Lomb 
"Spectronic 20" colorimeter. A blank was run with each sample. 
The readings were compared with those in a standard curve, drawn 
using known dilutions of egg albumin. 
3 . 8 . 2 . 2 Inso luble prote in 
The residue left after extraction of soluble protein was taken 
and 5 ml of 5% trichloroacetic acid was added to it. The solution 
was shaken thoroughly and allowed to stand at room temperature. 
After 30 minutes, the solution was transferred to a centrifuge tube 
and it was centrifuged for 10 minutes at 4 ,000 rpm. The 
supernatant was discarded. To the residue, 5 ml of 1 N sodium 
hydroxide was added and mixed well and left for 30 minutes. The 
solution was again centrifuged and the supernatant was collected 
in a 25 ml volumetric flask. The residue was washed two to three 
times with 1 N sodium hydroxide solution and washings were 
collected in the flask. The volume was made upto the mark with 
1 N sodium hydroxide solution. 
1 ml of this sodium hydroxide extract was taken on a 10 
ml test tube and 5 ml of reagent D was added. The solution was 
mixed thoroughly and allowed to stand for 10 minutes at room 
temperature . To this, 0.5 ml reagent E was added rapidly with 
immediate mixing. After about 30 minutes, the solution turned 
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blue. The optical density of this solution was read at 660 nm on 
a Bausch and Lomb" Spectronic 20" colorimeter. A blank was run 
with each sample. The optical density of this solution was 
compared with those in the standard curve, used for soluble 
protein. 
Thus, the total protein content of the grain was obtained by 
adding the values for the soluble and insoluble protein content. 
3 . 8 . 3 Grain carbohydrate conten t 
Extraction of the grain carbohydrate was done according to 
the method of Yih and Clark (1965) and estimated by the method 
of Dubois et al., (1956) The dried samples were ground to fine 
powder and passed through a 72 mesh sieve. The grain powder 
was dried overnight in an oven at 80 °C. 
From each sample, 50 mg powder was transferred to a glass 
centrifuge tube. To it was added 5 ml of 80% ethyl alcohol and 
it was heated on a water bath at 60 °C for 10 minutes. The 
supernatant was poured into a 25 ml volumetric flask with three 
washings and the final volume was made up with 80% alcohol. 
The residue was preserved in the same tube for the extraction of 
insoluble carbohydrate. 1 ml of this extract was transferred to a 
test tube and evaporated to dryness on a water bath. The test tube 
was then cooled and 2 ml of distilled water was added. The extract 
was used for the estimation of soluble carbohydrate. 
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To the residue, 5 ml of 1.5 N sulphuric acid was added and 
then it was heated on a water bath at 100 'C for two hours. This 
digested sample was centrifuged, after being cooled, at 4 ,000 rpm. 
The supernatant was then collected in a 25 ml volumetric flask 
with three washings. The final volume was made up with distilled 
water. 1 ml of extract and 1 ml oi distilled water were taken in 
a test tube for the estimation of insoluble carbohydrate. 
To each test tube, containing the extract of soluble or 
insoluble carbohydrate, 5 ml of 5% distilled phenol was added with 
the help of a pipet te , followed by the addition of 5 ml of 
concentrated sulphuric acid. The test tube was then shaken well 
after which the colour turned into yellowish orange. The test tube 
was then cooled by placing it in chilled water. After 30 minutes 
the solution was transferred to a colorimetric tube and the optical 
density was measured at 490 nm on a "Spectronic 20" 
colorimeter. A blank was also run simultaneously. The carbohydrate 
content was calculated by comparing the optical density of the 
sample with a calibration curve plotted by taking known dilutions 
of a standard solution of chemically pure glucose. 
3 . 8 S t a t i s t i c a l Analys i s 
The experimental data were statistically analyzed by adopting 
analysis of variance technique according to Gomez and Gomez 
(1984). The most rigorous "F" test was followed in which the error 
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due to replicates was also determined. When "F" value was found 
to be significant at the 5 per cent level of probability, critical 
difference (CD.) was calculated. The models of the analysis of 
variance (ANOVA) are given in Tables 7 and 8. 
Table 7 Models of the analysis of variance (ANOVA) 
Experiment 1 (Factorial randomized block design) 
Source of variation D.F. S.S. M.S.S. 
Replication 2 
Treatments(K) 3 




Experiment 2 (Factorial randomized block design) 
Source of variation D.F. SS. M.S.S. 
Replication 2 
Treatments(K) 3 
Treatments (N) 2 
K x N 6 
Error 22 
Total 35 
Table 8 Models of the analysis of variance (ANOVA) 
Experiment 3 (Factorial randomized block design) 
Source of variation D.F. SS. M.SS. 
Replication 2 
Treatments(K) 3 
Treatments (P) 2 
K x P 6 
Error 22 
Total 35 
Experiment 4 & 5 (Factorial randomized block design) 
Source of variation D.F. S.S. M.S.S. 'I 
Replication 2 
Treatments(K) 1 
Treatments (N) 3 
K x N 3 
Error 18 
Total 27 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
The response of triticale to potassium alongwith nitrogen 
and phosphorus, was assessed on the basis of growth, yield, 
grain quality and NPK content of the grain. Studies regarding 
growth parameters were done at tillering, heading and milky 
grain stages; while yield and quality attributes were noted at 
harvest. The summary of results is presented in Tables 9-49 
and a brief description of the same is given below. 
4 . 1 Exper iment 1 
This factorial randomized experiment was conducted to 
study the effect of graded levels of basal potassium, alongwith 
a uniform basal dose of nitrogen and phosphorus, on the 
performance of two cultivars of triticale and a wheat check. 
The data obtained from this experiment are briefly described 
below (Table 9-19). 
4 . 1 . 1 Growth charac ter i s t i c s 
Shoot length, tiller number, leaf number, fresh weight and 
dry weight were studied at three stages of growth. The effect 
of potassium doses as assessed by the response of the three 
cultivars was significant . Interaction effect due to potassium 
treatments x variety was also significant in most cases (Tables 
9-13). 
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Shoot length /plant 
Vertical growth of plants was affected favourably by the 
various potassium levels (Table 9). The treatment K^Q proved 
optimum and gave the maximum value at the three stages, 
being closely followed by Kg^  whose effect at tillering stage, 
proved statistically equal to K^Q. The values obtained in Kg^  
were 8 .3 , 11.6 and 8.5% higher than those obtained from 
the lowest level of potassium (Kgo/ha) at tillering, heading and 
milky grain stages respectively. K^^  was superior to KgQ but 
inferior to K^Q and Kg^  at all the stages. 
Among the varieties, maximum length of the shoot was 
given by Delfin which was significantly higher than TL-419 
and wheat. The latter gave the lowest values for shoot length 
at the three stages. 
Interaction proved significant only at heading stage, 
where K^Q X Delfin gave the maximum shoot length which was 
39.4% higher than the minimum value given by Kgg x wheat. 
While, K,o X TL-419 and Kg^  x TL-419 gave the second 
highest values being at par with that given by Kg^  x Delfin 
. Shoot length increased with the increase in growth in all 
the treatments as well as in all the varieties. The increase in 
length in Delfin was more pronounced between heading and 
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Tiller number /plant 
KgQ gave the highest values at each stage thus, proving 
to be the optimum dose. At heading and milky grain stages 
K^ Q was at par with Kg^. Increase in the tiller number due to 
Kgo was 4 4 . 1 , 38 .5 and 44 .8% more than that registered for 
K20 at tillering, heading and milky grain stages respectively. 
The tiller production declined at Kg^  (Table 10). 
Tiller number in Delfin exceeded the other two cultivars 
at each stage, whereas wheat gave the minimum number of 
tillers at each stage. The values recorded for Delfin were 83 .5 , 
70.4 and 84 .6% higher than that for wheat at tillering, 
heading and milky grain stages respectively. Tillers increased 
in numbers upto heading in Delfin and wheat while in TL-
419 the number remained unaffected. 
The value recorded for K^^  x Delfin was more than that 
recorded for Kg^ x TL-419 and Kg^ x wheat at all the stages. 
However, K^^  x Delfin produced the same effect as Kg^  x Delfin 
at tillering, while at the later stages tiller production decreased 
in the case of Kg^  x Delfin. For TL-419 the number of tillers 
produced by Kg^  at tillering, heading and milky grain stages 
was at par with that produced by K^ .^ For wheat, the value 
given by K^^  was statistically equal to those given by K^^  and 
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the value given by TL-419 at Kg^  was equal to that given by 
Delfin at K20. In general, K20 was least effective in most of 
the interactions at all the stages of growth. 
Leaf number/plant 
Leaf production like tiller number was favoured by 
potassium treatments and, at tillering, K^Q gave the maximum 
number of leaves equalled by Kg^. At heading and milky grain 
stages also, Kg^ proved to be the optimum dose giving the 
highest value for leaf number (Table 11). In all the treatments, 
leaf production increased only upto heading and declined at 
milky grain stage. 
The varietal difference was significant at all the stages. 
Delfin proved the best performer. It produced 31 .4 , and 63.9% 
more leaves than TL-419 and wheat respectively at tillering 
stage, 26 .9 and 52 .9% more at heading and 30 .7 and 56.9% 
more at milky grain stage. 
At tillering stage Kg^  x Delfin gave the highest value for 
leaf number, which was at par with that observed in Kg^  x 
Delfin, whereas TL-419 and wheat produced the maximum 
leaves with Kg^  which was significantly higher than the value 
recorded with K^^  for TL-419 but for wheat it was statistically 
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stageSjKgQX wheat and K^Q x TL-419 produced the maximum 
number of leaves but the effect was at par in both cultivars 
with that at Kg^. At these stages, maximum leaf production 
was given by K^^  x Delfin and it was significantly higher than 
that in K gQ X Delfin. 
Fresh weight/plant 
Potassium treatments recorded critically different values 
at all the stages (Table 12). Maximum value was given by K^^  
at each stage. Increase in fresh weight due to K^^  over K^Q 
was 24 .0 , 23 .2 and 13.7% at tillering, heading and milky grain 
stages respectively. Unlike leaf number, fresh weight continued 
to increase with increase in growth in all the treatments. 
Delfin gave the highest values for fresh weight as 
compared with the other two varieties and the value recorded 
for Delfin was 24 .7 , 22 .9 and 2 4 . 1 % higher than that for TL-
419 at tillering, heading and milky grain stages respectively 
and 55 .4 , 84.6 and 83.2% higher than that for wheat at 
three stages respectively . Consistent increase in fresh weight 
was noted upto milky grain stage in each of the three varieties. 
Maximum value for fresh weight was observed for K^^  x 
Delfin and this was significantly greater than all the other 
values at tillering; but, at heading^/&rad/_,milky grain stages, it 
-kc \ ) 







a • ^ N , , ^ 
^^^ U) 
^"^ 
• * * 
A 
M 








s tS • m^ ^^ 
O .C 
a ** 










«2 a CQ 
«4-l 
o a> 
^ 1 ^ 
** « 
i^  « a> . . • 
<M - ^ 




















































































































Q fN 00 NO 
H o 00 t^ 






Q ON m NO 
. — o o 






















































was at par with the fresh weight for K^Q x Delfin. TL-419 and 
wheat also interacted best with K^Q. However, the values noted 
at Kgo were at par with those at K g^  at tillering and milky 
grain stages; but at heading, K^^  x TL-419 and Kg^  x wheat 
gave values significantly higher than the other values at that 
stage. 
The fresh weight produced by K^^  x Delfin was 57 .5 , 70.3 
and 8 3 . 1 % higher than that produced by Kg^ x wheat (the 
lowest producer) at tillering, heading and milky grain stages 
respectively. 
Dry weight/plant 
Almost all the values of dry matter obtained at various 
K levels were critically different from each other. The values 
obtained for K^^  were again maximum at each stage and these 
were significantly higher than those obtained for Kg ,^ which 
proved to be the second highest. At Kg ,^ the value was 3 9 . 1 , 
44 .7 and 38 .6% more than Kgo at tillering, heading and milky 
grain stages respectively (Table 13). Like fresh weight, dry 
weight also increased upto milky grain stage. However, the 
increase was more pronounced between tillering and heading 
stages when compared with the increase between heading and 
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The highest value for dry weight was given by Delfin, being 
significantly higher than those for the other two varieties. TL-419 
remained intermediate while the minimum values were obtained for 
wheat. The dry weight for Delfin was 75.7, 81.1 and 85.9% higher 
than that for wheat at the three growth stages respectively. 
TL- 419 responded differently when observed stage wise as dry 
Del/in and 
weight increased up to the last stage while . in wheat , increase 
in dry weight almost stopped at heading. 
At tillering K^^  x Delfin and KgQ x Delfin were at par but 
critically lower than Kg^  x Delfin. However, for wheat and TL-
419, although the maximum value was again given by KgQ, this 
was statistically equal to those obtained at K^Q and K^^. Moreover, 
at KgQ the dry weight produced by wheat was at par with that 
produced by TL-419 at KgQ. At the heading and milky grain stages, 
the values obtained for KgQ x Delfin were statistically equal 
respectively to those obtained with K^Q X Delfin while the values 
obtained for KgQ x wheat were equalled not only by those for K^Q 
X wheat but also for K^Q X wheat. At these two stages, the 
maximum dry weight in TL-419 was produced at KgQ and was 
critically higher than that produced at K^Q and KgQ which were at 
par with each other in their effect. The value obtained for Kg^  
X Delfin was respectively 89.7, 82.9 and 83.9% higher at tillering, 
heading and milky grain stages than that obtained for KgQ x wheat. 
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4 . 1 . 2 Yield charac ter i s t i c s 
Among yield attributes, ear number, ear weight, ear 
length, spikelet number, grain number, 1,000 grain weight, 
grain yield and straw yield were studied at harvest. The 
potassium treatments as well as different varieties had signif-
icant effect on all the parameters studied. The effect of 
interaction was, however, not significant for some of the 
parameters . The data obtained are briefly described in Tables 
14-16. 
Ear number /plant 
Maximum number of ears was produced by Kg^ where as 
KgQ gave the lowest value and these were critically different 
from the values given by K^^  and Kg^  which were at par. 
Potassium, given at the rate of Kg ,^ resulted in 41 .84% more 
ears than those produced at Kgo (Table 14). 
Delfin gave the maximum number of ears which was 
8 4 . 3 % higher than the value given by the lowest producer 
(wheat) while TL-419 was intermediate in position. The 
maximum number of ears was obtained by the combination K^^  
X Delfin and this value was critically higher than all the other 
values. On the other hand, the minimum value was obtained 
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at K40, and Kg^. At K^Q, the values given by wheat and TL-
419 were surpassed by K^^  x Delfin by 9 8 . 3 % and 47 .5% 
respectively. Moreover, the value given by Kg^  x wheat was 
statistically equal to that for Kg^  x TL-419. 
Ear weight/plant 
The treatments produced critically different ear weights 
and application of K^Q resulted in maximum ear weight where-
^s the minimum effect was produced by K20. The former 
resulted in 26 .2% higher ear weight per plant than the latter 
(Table 14). 
Delfin proved best, givw^ 87 .8% higher ear weight than 
the value registered for wheat which showed the poorest 
response. TL-419 occupied an intermediate position. All 
values were critically different from each other. 
KgQ X Delfin gave the maximum value significantly higher 
than all the other values. K 20 x wheat resulted in the lowest 
ear weight observed and the effect differed critically with all 
the other values. Moreover, for wheat as well as TL-419 , the 
value registered at Kg^  was at par with that registered at Kg .^ 
Delfin at Kg^  exceeded the value given by K^Q X wheat and Kg^  
X TL-419 by 88% and 39 .7% respectively. 
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Length / ear 
Potassium application affected ear length significantly 
(Table 14). K^Q and Kg^  were equally effective in enhancing ear 
length. The effect of the latter treatment was equalled by K^ .^ 
K20 produced the shortest ears. Treatment K^^  produced 16.8% 
longer ears than KgQ. 
There was significant difference in varietal response. 
Maximum ear length was given by Delfin which was 2 8 . 1 % 
more than the lowest value recorded for wheat. The effect 
of interaction between treatment and variety was found to be 
non-significant. 
Spikelet number / ear 
As in the case of ear number and ear weight . treatment 
Kgp proved optimum for spikelet production. On the other handj 
KgQ produced the lowest number of spikelets per ear. The two 
values differed critically from those given by the other treat-
ments. The spikelets obtained at K^Q were 15.6%) more than 
at K20 (Table 15). 
Delfin, producing the maximum number of spikelets, 
exceeded wheat (lowest producer) by 9 8 . 3 % . T L - 4 1 9 also 
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The interaction K^Q X Delfin proved the best for this 
parameter , followed by K ^^  x Delfin and K^Q X Delfin which 
were at par with each other. For TL-419, the value at Kg^  
was equalled by that at Kg^ while for wheat, the number of 
spikelets produced at K^^  or Kg^ was at par with each other. 
Delfin at Kg^ gave 82 .5 % more spikelets per ear than did wheat 
at the same level. 
Grain number / ear 
Like spikelet number per ear, maximum number of grains 
per ear was produced by Kg ,^ followed by Kg^, K^Q and Kg^  
in that order. Each ear in treatment Kg^ produced 9 .5% more 
grains than the ears in plants which received K^Q (Table 15). 
Varietal difference was also significant and Delfin pro-
duced 28 .8% more grains per ear than wheat and 14 .5% more, 
than TL-419. 
The interaction effect was significant, unlike that ob-
served for ear length. Among different interactions, Kg^ x 
Delfin proved best, producing 28 .0% more grains per ear than 
KgQ X wheat. Kg^ x TL-419 proved statistically equal to Kg^  
X TL-419 in its effect on grain number per ear. 
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lyOOO grain weight 
Maximum 1,000 grain weight was recorded at Kg^  and this 
value was significantly higher than all the others, showing an 
increase of 13% over the 1,000 grain weight obtained with 
Kgo (Table 15). Treatment KgQ followed K^Q while K^^  was 
inferior to Kg^ in its effect. 
Unlike the other parameters (ear number, ear weight, ear 
length; spikelet number, grain number), wheat gave the max-
imum value for 1,000 grain weight surpassing Delfin by 8.4% 
and TL-419 by 27.0%, indicating the superiority of wheat over 
the two triticales. 
As in the case of varieties, the picture for interaction effects 
was also very different from that observed in the case of other 
yield parameters. Maximum 1,000 grain weight was obtained from 
wheat at K^Q and this value, exceeded that for Delfin at the same 
level by 11.2%.K2oX TL-419 gave the lowest value for 1,000 grain 
weight, being surpassed by Kg^  x wheat by 45 .1%. 
Grain yield 
The effect of various potassium treatments on grain yield was 
found significant and all the values differed critically from each 
other. KgQ resulted in optimum grain yield and it showed an 



















































































































































































































































'S <u kH 
M 
l -



























Delfin.showing the maximum response/grain yield, pro-
duced 3 .3% higher yield than wheat. TL-419 gave the min-
imum value. 
KgQ X Delfin proved the best combination for yield, 
followed closely by Kg^  x Delfin and Kg^  x wheat, which were 
at par with each other. K^Q X Delfin surpassed wheat at the 
same level by 5.5%. Moreover, wheat at K^^  proved to be at 
par with Delfin at K^ ,^ while K^Q x wheat was at par with K^^y^ 
Delfin. The lowest grain yield was recorded in the combination 
K20 X T L - 4 1 9 . 
Straw yield 
Like grain yield, critically different values for straw yield 
were recorded as a result of the effect of each treatment (Table 
16). Potassium given at the rate of Kg^  proved optimum for 
straw yield also, while the application of Kg^  gave the lowest 
value in this regard. Treatment Kg^  produced 5.5% more straw 
than Kgo-
Values for the three varieties were also critically different 
from each other. Delfin produced maximum straw, surpassing 
wheat by 12.8% and TL-419 by 9.6%. 
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4 . 1 . 3 Quali ty charac ter i s t i c s 
After harvest, the quahty of the three cuHivars was 
assessed by determining their grain protein and carbohydrate 
content. The effect of the different potassium treatments as 
well as the response of the three cultivars was found signif-
icant for both protein as well as carbohydrate content of the 
grain. However, the effect of interaction between treatment 
and variety was not significant for grain carbohydrate. The 
observations noted are described in Tables 17-19. 
Grain protein 
The protein content of the grain was maximum in 
treatment Kg^. However, this effect was equal to that of Kg^  
and showed an increase of 7.0% over the minimum value 
given by K^Q (Table 17). 
Maximum grain protein was obtained in Delfin, which 
showed an increase of 6.0% over the protein found in wheat 
grains. The minimum value for protein content was observed 
in the grains of TL-419. 
KgQ X Delfin proved optimum among all interactions giving 
the highest percentage of grain protein. However, the value 
given by this interaction was at par with that of K^^  x Delfin 
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7.6%. Wheat at K^^  was equalled by K^^  x wheat and, likewise, 
KgQ X TL-419 was at par with Kg^  x TL-419. Minimum protein 
content was recorded in the grains of Kgo x TL-419. 
Grain carbohydrate 
KgQ was the most effective but at par with K^ .^ K^^  was 
as effective as K^Q for grain carbohydrate content (Table 17). 
TL-419 gave the maximum value for this parameter. It 
surpassed Delfin which gave the lowest value by 1.9%. Wheat 
occupied an intermediate position regarding grain carbohy-
drate content, trailing TL-419 by 0.9%. 
Protein yield 
It is evident from Table 18 that treatment Kg^  gave the 
maximum value for total protein yield and showed an inprease 
of 21 .0% over Kgo which yielded the lowest protein. K^^  
followed KgQ while K^Q was followed by K^^ in terms of protein 
yield. 
Delfin proved superior to the other cultivars and yielded 
maximum protein (6.74 q/ha) and registered an increase of 
35 .8% over TL-419, which gave the lowest value. 
Considering the interaction effect, it was found that K^^  
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protein yield and showed an increase of 70 .54% over K2Q x 
TL-419, which gave the minimum value. 
Carbohydrate yield 
Like the other parameters studied, potassium treatment 
KgQ proved optimum as it gave the highest value which was 
at par with K^ .^ An increase of 13 .38% over K^^, which gave 
the lowest value was recorded for treatment Kg^. Inspite of 
its lowest carbohydrate content (Table 17), Delfin showed the 
highest carbohydrate yield, being closely followed by wheat. 
Delfin recorded an increase of 14 .98% over TL-419, which 
gave the lowest carbohydrate yield. The interaction effect 
between potassium and cultivars was found to be non-signif-
icant (Table 18). 
^ . 1 , ^ N ,P and K content of grain 
The nitrogen, phosphorus and potassium content of the 
grain was estimated after harvest. Potassium treatments were 
found to have a significant effect and so was the varietal 
response. Interaction effect, however, was found to be signif-
icant only in the case of nitrogen content (Table 19). 
Nitrogen content 
Potassium applied at the rate of K^^  resulted in the 
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was 6.9% higher than the minimum recorded at K^^. Potassium 
given at Kg ,^ however, proved to be at par with K^^  in its effect 
(Table 19). 
Delfin showed the highest percentage of nitrogen in the 
grain and was followed by wheat over which it showed an 
increase of 6.0%. The minimum value was recorded in the 
case of TL-419. 
A look at the interaction effect revealed Kg^  x Delfin to 
be the best combination, being at par with Kg^  x Delfin. K^^  
and KgQ with wheat were equal in their effect, being surpassed 
by KgQ X Delfin by 7.6%. The lowest nitrogen content was given 
by K20 X T L - 4 1 9 . 
Phosphorus content 
For phosphorus content of the grain, a very different 
picture was observed, with low K doses proving to be better. 
An increase of 7.6% was recorded on application of Kgg over 
KgQ, which gave the lowest value for grain phosphorus content 
(Table 19). 
Among the varieties, Delfin gave the maximum percent-
age of phosphorus in the grain, which was 22 .8% higher than 
that of wheat. TL-419 gave the minimum value and was 
surpassed by Delfin by 27 .8%. 
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Potassium content 
Like nitrogen, Kgo resulted in the maximum value for 
percent potassium present in the grain and it was statistically 
equal to Kgo in its effect (Table 19). The minimum potassium 
content was recorded in plants receiving K^^^ 
The varietal response showed Delfin with he highest 
potassium content, showing an increase of 5 . 1 % over wheat 
which was at par with TL-419. 
4 . 2 Exper iment 2 
This factorial randomized field experiment was conducted 
to study the interaction effect of four doses of basally applied 
potassium (K20, K^ ,^ K^^  and Kg© ) with three of nitrogen ( 
N|2o , N^ 5Q and N^gJ on the growth, yield and quality of 
triticale cultivar "Delfin". A uniform basal dose of phosphorus 
(P^Q) was applied at the time of sowing (Tables 20-29). 
4 . 2 . 1 Growth charac ter i s t i c s 
Shoot length, tiller number, leaf number, fresh weight and 
dry weight were observed at tillering, heading and milky grain 
stages of growth. The effect of potassium and of nitrogen was 
found significant at all the stages. Interaction effect due to 




Table 20 clearly reveals that application of 60 kg K/ha 
produced significantly taller plants than the lower doses (KgQ, 
K^Q) at all the three stages of growth. However, its effect was 
at par with that of Kg^  at tillering and milky grain stages. 
Treatment K^^  showed an increase of 8.16, 4 .76 and 3.73% 
over KgQ at tillering, heading and milky grain stages respec-
tively. 
Nj5o significantly produced the tallest plants and an 
increase of 2 . 2 1 , 2.56 and 3 .65% over N^^o ^* tillering, 
heading and milky grain stages respectively was recorded. 
Interestingly the highest dose (N^go) proved inferior to N^^^ 
showing deleterious effect on shoot length. 
KgQ X Nj5Q gave the maximum value for shoot length, 
showing an increase of 16 .31 and 8.4% over Kgg x N^g^ and 
10.09% over K^^ x N^go ^* tillering, heading and milky grain 
stages respectively. In general, there was a linear increase in 
the shoot length from tillering to milky grain stages of growth. 
Tiller number/plant 
Comparatively, the higher doses of potassium (Kg^ and 
KjgQ, which were at par) produced more tillers than the lowest 
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at tillering, heading and milky grain stages respectively was 
recorded in K^Q (Table 21). 
Like shoot length, N^^Q produced the maximum tillers and 
showed an increase of 10 .75 , 10.07 and 8.8% over N^2o- ^^ 
tillering, N^go ^"^ ^iso were at par in their effect on tiller 
production. 
Potassium treatment K^Q together with N^g^ gave the 
maximum value for tillers and was at par with KgQ x N g^o ^^ 
all the three stages of growth. K^Q X N^^Q showed an increase 
of 64 .64 , 69 .56 and 56 .77% over KgQ x N^g^, which gave the 
lowest values, being at par with Kgo x N^go ^* tillering, heading 
and milky grain stages respectively in its effect. Tiller pro-
duction was more conspicuous between tillering and heading 
in comparison with heading and milky grain stages as a result 
of application of both potassium as well as nitrogen. 
Leaf number/plant 
Treatment Kg^  proved optimum for leaf production. In 
this treatment, 1 8 . 5 1 , 16 .41 and 13.06% more leaves were 
noted at tillering, heading and milky grain stages respectively 
than K20 (Table 22). The effect of K^^  and Kg^ on leaf number 
was at par at tillering, 
production at heading 
stage, but K^ was less effective in leaf 
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to K„,, but inferior to K,. and K„^ at all the stages. 
Nitrogen treatment N^^Q proved most prolific and N^g^ 
proved inhibitory at all the three stages. 
The interaction effect of potassium and nitrogen showed, 
KgQ X N^ 5Q producing maximum leaves. The combination K^^ x 
Nj^gQ produced the least number of leaves and the value was 
at par with Kgo x N^go- '^^^ combination K^Q X N^^Q showed an 
increase of 28 .54 , 34 .05 and 24 .35% over K20 x N^go at 
tillering, heading and milky grain stages respectively. It was 
noted that the effect of Kg^  x N^^^ was at par with that of K^^  
X N^2o ^^ each of the three stages. There was an increase in 
leaf number from tillering to heading stage only. 
Fresh weight /plant 
The treatment that proved optimum for shoot length, 
tiller number and leaf number also resulted in maximum 
increase in fresh weight (Table 23). Thus, 13 .26 , 9.85 and 
4 .24% higher fresh weight at tillering, heading and milky grain 
stages respectively was recorded in K^Q when compared with 
K20. The values recorded for Kg^  were at par with K^^  at all 
the stages of growth, indicating the futility of applying extra 
potassium. 
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as all the treatments recorded critically different values for 
fresh weight at each of the three samplings. Thus, treatment 
Nj5o proved to be the best. While N^g^ was the least effective, 
Nj2o occupied an intermediate position. 
The interaction of K x N was also significant at all the 
stages of growth. The combination Kg^  x N^^Q gave the max-
imum fresh weight but was at par with Kg^ x N^2o ^* ^^ ^ three 
stages. It showed an increase of 25 .73 and 11.09% over K20 
X N^ gQ (which gave the lowest fresh weight) at tillering, heading 
and milky grain stages respectively. A consistent increase was 
noted in fresh weight from tillering to milky grain stage as 
a result of potassium as well as nitrogen application. 
Dry weight/plant 
This is considered to be one of the most important 
growth characteristics as it indicates the accumulation of dry 
matter during the growth of a crop plant. It is evident from 
Table 24 that Kg^ increased dry weight by 2 6 . 1 , 13.54 and 
11.32% over K20 at tillering, heading and milky grain stages 
respectively. Treatments Kg^  and Kg^  were equally effective at 
the three stages, thus proving Kg^  to be the optimum dose for 
dry matter accumulation. 
Nitrogen treatment N^^Q followed by N^go' P^^oved most 
effective for dry matter production at heading while both were 
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at par at tillering and milky grain stages. N^ ^^ g gave the lowest 
values at heading and milky grain stages while it was at par 
with N^2o ^* tillering stage. N^g^ showed an increase of 7.99% 
over N^2o ^* heading stage. 
Regarding the K x N interaction effect, K^Q X N^^Q out 
yielded all other combinations with respect to dry matter 
production at each of the three stages. The lowest dry weight 
was recorded for the combination K^^ x N^g^ ^ K60 x N^^^ 
showed an increase of 4 4 . 1 5 , 39 .47 and 23 .82% over K20 x 
NjgQ at tillering, heading and milky grain stages respectively. 
However, K^Q X N^ gQ and K^^ x N^g^ were at par with Kg^  x N g^o 
and K20 x Nj2o''^^P^^^^^^^V i^t each of the three stages. It may 
be pointed out that, like fresh weight, consistent increase in 
dry weight was also noted as growth advanced. However, the 
increase was more pronounced between heading and milky 
grain stages in comparison with that between tillering and 
heading stages. 
4 . 2 . 2 Yield charac ter i s t i c s 
Among the yield characteristics, ear number per plant, 
length per ear, ear weight per plant, spikelet number per ear, 
grain number per ear, 1,000 grain weight, grain yield and 
straw yield were studied at harvest. The different doses of 
potassium as well as nitrogen had a significant effect on all 
96 
the parameters studied. The effect of the K x N interaction 
was also significant for all the characteristics, except spikelet 
number per ear. The data are summarised in Tables 25-27. 
Ear number/plant 
Table 25 clearly reveals that the higher doses of basally 
applied potassium were responsible for higher ear number 
when compared with the lower doses (KgQ, K^^). Thus, K^^  
(remaining at par with Kgo ) showed an increase of 67 .53% 
over K20, which proved least effective. Treatment K^^  was 
however, superior to KgQ. 
Considering the effect of nitrogen, N^^^ proved superior 
to the other two treatments and produced 12 .72% more ears 
than N^20' which gave the lowest values. The effect of N^g^ 
was at par with that of N^2o-
The combination of K^Q X N^^^ produced the maximum 
number of ears per plant showing an increase of 102 .73% over 
K20 X N g^Q, which had the poorest effect. 
Length/ear 
An increase in the basal potassium dose from 20 kg to 
60 kg K/ha resulted in longer ears and the values given by 
Kgo and Kg^  were at par (Table 25). It was found that N^^^ 
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at par for this characteristic . 
The most pronounced effect of K x N interaction was 
noted in K^^  x N^^^ and the least, in Kgo x N^g^ and Kgg x N g^o 
which were at par. The combinations containing K^Q interacted 
better with each nitrogen dose than K^^  and K^Q. 
Ear weight/plant 
Table 25 clearly reveals that potassium dose K^^  was 
responsible for enhancing ear weight most. As in the case 
of ear number and ear length, K^^  was again at par with K^ ^^  
in producing the heaviest ears. Whereas K^^  was inferior to 
KgQ and Kg ,^ it was superior to K^^. 
Nitrogen doses were critically different from each other 
in their effect on ear weight. N^^Q gave the maximum ear 
weight per plant and N^g^, the minimum, with the former 
recording an increase of 14.47% over the latter and an 
increase of 8.05% over N^go-
The combination Kg^ x N^^^ gave the highest value for this 
characteristic and K^^ x N^g^, the lowest. Each combination of 
potassium with nitrogen containing Kg^  was found to be more 
effective than of K^^, K^^  and Kg^, except Kg^  x N^go- ^^^ ^^^^ 
performing combination i.e. Kg^  x N^^Q showed an increase of 
53 .73% over K^^ x N^g^ for ear weight. 
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Spikelet number/ear 
A perusal of Table 26 reveals that K^^  produced 8.24% 
more spikelets per ear than KgQ- The effect of K^Q and K^^  
was at par. 
Spikelet production by nitrogen doses was critically 
different from one another. Nj^^ proved to be the most 
productive in th is regard and N^g ,^ the least. 
Grain number/ear 
Higher doses of potassium, viz K^Q and K^ ,^ were at par 
in their effect on this parameter. There was a linear increase 
in grains per ear from Kgo to K^ .^ Thus, Kg^  produced 5.53% 
more grains than Kgo (Table 26). 
Among the nitrogen doses, N^^^ proved superior and 
produced maximum grains, while the poorest result was given 
by N^ gQ which yielded 4 .06% less grains than the former. When 
compared with Nj2o, the optimum treatment (NJ^^Q) showed 
2 .35% increase in grain number per ear. 
The number of grains produced per ear was maximum 
in the combination K^^  x N^^^ and was minimum in K^^ x N^g ,^ 
K20 X Nj2o and K^^  x N^g^ which were at par. The best 
performing combination (K^^ x N^g )^ showed an increase of 
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1,000 grain weight 
As in the case of the other yield parameters considered 
above, treatment K^^  increased 1,000 grain weight most and 
was at par in its effect with K^^ . Thus, Kg^  produced 6.06% 
heavier grain than K^Q. Heaviest grains were produced by N^^^. 
NjgQ was at par with N^go-
Comparing the K x N interaction effect, higher doses of 
potassium in combination with each nitrogen treatment pro-
duced heavier grains. The best combination was K^^  x N^^Q and 
the poorest , Kg^  x N^g^. 
Grain yield 
Treatment K^^  out yielded the other doses of potassium 
(except KgQ with which 60 was at par), proving 6.44% more 
efficacious in grain production than K^^ (Table 27). 
Grain production by nitrogen doses was critically differ-
ent from one another. N^^Q out yielded all other nitrogen 
treatments and produced 5.33%) more grain than N^g^ and 
2 .85% more than N^2o-
The combination K^^  x N^^Q proved to be the best and 
increase of 13.71%) over Kgo x N g^y was recorded. The values 
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Straw yield 
Application of the basal K^Q was more effective in straw 
production than the lower doses (KgQ, K^ )^ but was equalled 
by KgQ. Treatment Kg^  produced 4 .49% more straw than K^-Q 
(Table 27). 
Among the nitrogen treatments, N^^Q surpassed the other 
nitrogen doses and showed an increase of 2 .55% in straw 
yield over Nj2o- '^^^ effect of N^g^ and Nj2o ^^^ ^^ P^''-
The potassium x nitrogen interaction effect on straw yield 
was also significant. K^Q X N^ gQ produced more straw than all 
other combinations and K20 x N^g^ proved the least effective, 
with the former recording an increase of 9 .07% over the latter. 
Moreover, it was also observed that, as in the case of grain 
yield, K20 X N,20' ^20 x N^^^, K^^  x N^2o and K^^  x N 
180 were at 
par. 
4 . 2 . 3 Grain quality charac ter i s t i c s 
The grainswere analyzed chemically for their protein and 
carbohydrate contents. The values were then computed to 
determine the protein yield and carbohydrate yield. The effect 
of different doses of potassium as well as nitrogen was 
significant. However, the interaction (K x N) was significant 
only for protein yield (Table 28 and 29). The salient features 
101 
of the data for each parameter are briefly considered below. 
Protein content 
Application of 60 kg K/ha {K^Q) increased the grain 
protein content by 6.42% over Kgo but the value recorded for 
KgQ was equalled by that for Kgg. It may be added that K^^ 
was as effective as K^Q (Table 28). 
Among the nitrogen treatments, N^g^ performed best for 
protein content and an increase of 5.27% over N g^o ^^^ 
recorded. The values given by N g^o ^^^ ^iso were statistically 
at par. 
Carbohydrate content 
A perusal bf Table 28 reveals that the potassium effect 
was not as distinct as in the case of other parameters . This 
is borne out by the observation that where as Kg^ was at par 
with KgQ on one hand, it was also at par with K^ ,^ on the 
other. However, application of Kg^ , resulted in the lowest value 
for grain carbohydrate content. Among the nitrogen doses it 
was found that N^g^ gave the highest carbohydrate content 
while the values recorded for N^2o ^^^ ^iso were at par. 
Protein yield 








































































































































































































































the application of K^^  which showed an increase of 13.49% 
over the least effective treatment for protein yield, viz. Kg .^ 
Treatment K^Q was also at par with K^^ but K^^  was superior 
to K20 (Table 29). 
The effect of application of nitrogen doses was clear cut. 
It was noted that protein yield for one nitrogen dose was 
critically different from that for the others. N^^^ outyielded 
the other two nitrogen doses and produced 8.48% more 
protein than N^go-
Regarding the K x N interactions, Kg^  x N^^Q gave the 
highest value for protein yield being at par with K^^ x N^^y. 
The lowest value was obtained for K^^ x N^g^. The former (Kg^ 
X NJ3Q) gave an increase of 29 .74% over the latter. Moreover, 
the combinations Kgo x N^gc ^20 ^ ^150 ^^^ ^20 ^ ^iso^ ^40 ^ 
Nj2o ^^^ ^40 ^ ^180 were at par with one another. Similarly, 
KgQ X Nj20' ^60 ^ ^180 ^^^ ^80 ^ ^180 ^ e r e at par in their effect 
on grain protein production. 
Carbohydrate yield 
Potassium at 60 kg/ha proved optimum for carbohydrate 
yield and gave an increase of 8 .53% over K^Q, which gave the 
lowest value. Like the other parameters , Kg^  and K^ ^^  were at 
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Carbohydrate production on the appHcation of each 
nitrogen dose was critically different from that by the others. 
Treatment N^^Q proved best, giving 4 .7% higher carbohydrate 
yield than N^2o ^"^ 7.52%, than N^g^. 
4 . 3 Experiment 3 
This factorial randomized field experiment was conducted 
to study the interaction effect of four doses of basally applied 
potassium (KgQ, K^Q, K^Q and Kg )^ and three of phosphorus {P^^, 
Pgo and Pgo) on the growth, yield and quality of the better 
performing triticalc cultivar "Delfin" selected on the basis of 
data of Experiment 1. The results are summarised in Tables 
30-39 and are briefly considered below. 
Growth characteristics 
Shoot length, tiller number, leaf number, fresh weight and 
dry weight per plant were noted at tillering, heading and milky 
grain stages. The effect of potassium as well as of phosphorus, 
was found significant at the three stages of growth. The 
interaction effect (K x P) was also significant, except on shoot 
length at heading and milky grain stages. 
Shoot length/plant 
Perusal of Table 30 reveals that K^^  produced significantly 
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all the three stages, the treatment Kg^  gave the values at par 
with KgQ. Treatment K^^  increased shoot length by 8.34, 6.64 
and 4 .14% over K20 at tillering, heading and milky grain stages 
of growth respectively . K^^  was critically superior to K^^. 
It was observed that Pg^ produced the tallest plants while 
PgQ and P30 were at par in their effect at all the three stages 
of growth. 
Interaction effect (K x P) was significant at the tillering 
stage only. K^Q X Pg^ gave the highest value for shoot length 
and K20 X PgQ, the lowest. The values for K^Q X Pg^ and K20 
K40 ^ P30 arid K40 X Pgo and for Kg^ x P.^^ and Kg^ x P^^ 
were at par. It was also noted that, in general, there was a 
linear increase in shoot length from tillering to milky grain 
stages. 
Tiller number/plant 
As in the case of shoot length, Kg^  proved best (but at par 
with K^Q) at all the stages (Table 31). Application of Kg^  resulted 
in an increase of 42.67, 41.72 and 47.04% over Kgo at tillering^ 
heading and milky grain stages respectively. 
Among the phosphorus treatments, Pg^ proved most effective 
and produced maximum tillers at all the stages. It was also noted 
that P3Q and Pg^ were at par in their effect at the three stages. 
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105 
KgQ X Pgo produced optimum tillers but was at par with 
KgQ X Pgo at each stage. K^Q X P^Q gave an increase of 60 .65 , 
68 .40 and 78 .59% over KgoX P^Q at tillering, heading and milky 
grain stages respectively. At lower levels of potassium most 
of the recorded values were at par in their effect particularly 
with P3Q and P^^. It was also noted that tiller number increased 
from tillering to heading but declined from heading to milky 
grain stage. 
Leaf number/plant 
It is evident from Table 32 that K^Q and Kg^ proved at 
par at each growth stage. K^^  recorded an increase of 21.0 , 
14 .38 and 18.99% over Kgo at tillering, heading and milky 
grain stage respectively. Leaf production on the application 
of K^ Q was intermediate between those of Kgo and K^ .^ 
Treatment P^^ proved to be the most effective for leaf 
formation. P^Q and P^^ were at par at all the stages. 
KgQ x PgQ produced maximum leaves at all the samplings. 
It was also observed that the effect of the Kgo x P^Q and K^Q 
X P9Q, K^Q X PgQ and Kgo x P^^, K^^  x P gy and Kgy x P^^ at tillering 
; K20 X P30 and K^^ x P^^, K^^  x P30 and K^^  x P^^, Kg^ x P30, 
and KgQ x P^^ at heading; K^^ x P30 and K20 x P^^, K^^  x P^^ 






















































































































































































































O cs vo ^ ON O 00 








« J 3 














































































was at par. It was also observed that there was an increase 
in the number of leaves from tillering to heading stage only 
and then it decreased at milky grain stage of growth. 
Fresh weight/plant 
Table 33 indicatesthat the fresh weight, like shoot length, 
tiller number and leaf number, was enhanced most by the 
treatment K^Q. However, it was at par in its effectiveness with 
KgQ. Treatment K^Q increased fresh weight by 14.0 , 8.97 and 
5 . 2 1 % over Kgo (which recorded the lowest values) at tillering, 
heading and milky grain stages respectively! 
Among the phosphorus treatments, Pgg produced maxi-
mum fresh weight. Treatment Pg^ proved inadequate for this 
parameter. 
The best combination of potassium and phosphorus was 
Kg^x Pgo which gave an increase of 25 .22 , 14 .94 and 12.30% 
over K20 X PgQ at tillering, heading and milky grain stages 
respectively. It was also observed that combinations containing 
lower doses of potassium and phosphorus proved more or less 
at par. In general it was observed that there was linear 
increase in the fresh weight of plants from tillering to milky 















































































































































































d NO ON CN ON 
o -— ^  
























































































Dry weight / plant 
Like the other growth characteristics K^^  proved most 
effective for dry matter production. An increase of 38 .6 , 
29 .85 and 23 .62% over Kg^  (which gave the lowest value) was 
recorded in K^Q , which was at par with Kg^  (Table 34). 
Among the phosphorus doses, P^Q proved most efficient 
for dry matter accumulation at each of the stages. Pg^ proved 
at par with P^Q at all the samplings. 
The interaction effect of potassium with phosphorus was 
significant and K^^  x P^Q out yielded all other combinations for 
this parameter at the three stages. An increase of 76 .69 , 
60 .48 and 4 5 . 8 5 % was recorded in Kg^  x Pg^ over K^QX Pgo) 
which gave the lowest value at tillering, heading and milky 
grain stages respectively. Like fresh weight, a linear increase 
in dry matter production was noted from tillering to milky 
grain stage. 
Yield charac ter i s t i c s 
The yield characteristics, studied at harvest, included ear 
number per plant, length per ear, ear weight per plant, 
spikelet number per ear, grain number per ear, 1,000 grain 
weight, grain yield and straw yield. Application of potassium, 
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parameters and the interaction (K x P) effect was also 
significant, except for straw yield. The data are briefly 
considered parameter-wise below. 
Ear number/plant 
The effect of Kg^  was better than that of the lower doses 
(K20 and K40). It showed an increase of 48 .40% over K20 (Table 
35). The effect of K^Q and K^^was at par for this characteristic. 
Among the phosphorus treatments, P^^ produced maxi-
mum ears, whereas P^^ and P^^ were at par. 
KgQ X PgQ produced the maximum ears and showed an 
increase of 76 .19% over Kgo x P^Q, which gave the lowest value 
and was at par with K20 x P^^ and K^^ x Pg^. K^^  and K^Q in 
combination with P^^ and P^Q and Kg^  with P^Q and P^Q were at 
par in their effect. 
Length/ear 
It is evident from Table 35 that higher doses of applied 
potassium were more effective in enhancing the length of the 
ear compared with the lower doses of potassium. Thus, K^ ,^ 
being at par with Kg ,^ showed an increase of 14 .53% over 
K20, which produced the shortest ears. 
It was observed that P^^ produced the longest ears, while 
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^60 ^ ^60 Pi'oved to be the optimum combination and it 
gave an increase of 25 .85% over K^Q X P^^ which gave the 
lowest value. The values recorded for Kgo and K^^  together with 
each of the three doses of phosphorus were at par. K^^  x P^^ 
and K o^ x Pg^ were also at par. 
Ear weight/plant 
Table 35 reveals that Kg^ was responsible for enhancing 
the ear weight most. It increased ear weight by 27 .42% over 
K20 and was at par with Kg^  in its effect. 
PgQ produced the heaviest ears per plant and P^Q was the 
least effective in this regard. Interaction effect was most 
pronounced in Kg^  x Pg^ (which was at par with K^Q X Pg )^ and 
least in K^Q X P^^ and K20 x P3Q. The combinations containing 
PgQ interacted better with each of the potassium dose than P.^ ^ 
and P^Q. The best combination Kg^  x Pg^ showed an increase 
of 50 .74% over K^^  x P^^. 
Spikelet number/ear 
Higher doses of potassium (Kg^ and Kg )^ were at par in 
giving the maximum value (Table 36). Treatment Kg^  enhanced 
spikelet number by 6.66% over K^Q, which was at par with 
K^Q, and was least effective for spikelet production. 
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Phosphorus dose P^Q proved best whereas Pg^ gave the 
lowest value for this parameter. 
The number of spikelets per ear was highest in the 
combination K^Q X Pg^ and was minimum in Kgo x P^^ (which 
was at par with K20 x Pg^ and Kg^  x P^^ produced 1 3 . 3 1 % more 
spikelets than K^^ x P^^. It was also observed that K^Q in 
combination with each of the three phosphorus doses proved 
at par, while K^^  x Pg^ was at par with Kg^  x Pg^. 
Grain number/ear 
Potassium doses Kg^  and Kg^  were at par in their effect 
for grain number per ear (Table 36). Thus, Kg^ significantly 
increased the number of grains in each ear and produced 
5 .31% more grains than K20 in which the minimum number 
of grains were noted. K^Q was superior to Kgo but inferior to 
^60 and Kg,. 
Grain number per ear for each phosphorus dose was 
critically different. Pg, produced the maximum grains per ear, 
while Pg, gave the lowest value for this parameter. 
The combination Kg, x Pg, produced the maximum number 
of grains but was statistically equal to Kg, x Pg,. The former 
combination showed an increase of 8.85% over K20 x P^,, 
which produced the minimum number of grains. The effect of 
111 
several other combinations was also at par with each other. 
1,000 grain weight 
Higher potassium doses (Kg^ and K^^) increased the 1,000 
grain weight most, K^^  produced 9.19% heavier grains than 
Kgo- (Table 36). Like the other yield attributes here also the 
effect of KgQ and KgQ was at par. The treatment K^^  recorded 
significantly higher 1,000 grain weight than K^^. 
PgQ proved best and produced the heaviest grains. It was 
also observed that grain weight in each phosphorus treatment 
was critically different. The highest dose of phosphorus 
(P90) was the least effective. 
Comparing the K x P interaction effects, it was observed 
that Kgy X PgQ recorded the optimum value for 1,000 grain 
weight, being statistically at par with Kj^ ^ x P^^. The combi-
nations K20 X P3Q, K20 X PgQ and KgQ x Pg^ being at par, were 
poorest in their performance. K^Q X Pg^ and K^^  x P^Q, as well 
as KgQ X P.^ p and K^Q x P^Q, were at par. An increase of 14.79% 
over K20 X PgQ was recorded in K^^  x P^^. 
Grain yield 
Grain yield exhibited a pat tern similar to that observed 
in other yield attributes. Treatments K^^  and K^ ^^ , were at par 
and superior to K^Q and K20. K^^  showed an increase 
112 
of 5.92% over K20 (Table 37). Treatment K^ ,^ followed the 
treatments Kg^ and Kg^  and was significantly more effective 
than K20. 
Grain production by phosphorus application was critically 
different from dose to dose. Like the other parameters , Pg^ 
proved most beneficial for grain production and Pg^ the least 
for this parameter. 
Regarding K x P interaction, K^Q X P^Q proved to be the 
best combination which produced 53 .00 q /ha and was at par 
with KgQ X PgQ. The combination K^^  x P^^ was superior by 
12.76% over K^^ x P^^, which gave the lowest grain yield. 
Moreover, K20, K^^  and Kg^  in combination with P^^ were 
statistically at par with Kgo x Pg^, K^^  x Pg^ and K^^  x Pg^ 
respectively. 
Straw yield 
It is evident from Table 37 that potassium applied at the 
rate of 60 kg K/ha proved most effective for straw production 
and it gave an increase of 4 .44% over K20. 
Among the phosphorus doses, P^Q out yielded P3Q as well 


































































































































































Q C/D ^- i n i n r -
































-^^ O Q. 


































4 . 3 . 3 . 3 Grain quality charac ter i s t i c s 
Protein and carbohydrate contents of grain were estimat-
ed and the values were computed to determine the protein 
and carbohydrate yield. The effect of various doses of potas-
sium, as well as of phosphorus, were found to be significant. 
However, unlike most growth and yield characteristics, the 
interaction effect of potassium with phosphorus was found 
non-significant. The data are presented in Tables 38 and 39. 
The observations for each parameter are briefly mentioned 
below. 
Protein content 
It is evident from Table 38 that the lower doses of 
potassium {K^^ and K^^), were equally effective but the higher 
doses KgQ and Kg^  also being at par with each other, were 
efficacious. K^^  increased the protein content by 7 .51 over Kg -^
Regarding phosphorus treatment, it was observed that 
values recorded for P.^^ and P^^ were at par. P^^ was respon-
sible for maximum protein content. 
Carbohydrate content 
Unlike protein content, potassium treatment exhibited 
somewhat different trend as the values recorded by K^^ and 













































































































































































































proved to be the most efficient and recorded an increase of 
4 . 4 3 % over K^Q. The treatment Kg^  was at par with K^^  (Table 
38). 
Among the phosphorus doses, like protein content it was 
observed that P^Q proved best while the effect of P30 and Pgg 
was statistically equal. 
Protein yield 
A perusal of Table 39 reveals that maximum effect on 
due 
protein was found/to the application of Kg ,^ which recorded 
an increase of 14.07% over KgQ, which gave the lowest value. 
The effect due to Kg^  was at par with that of K^Q. K^Q was 
better than Kgo but inferior to Kg^  and K^Q. 
Considering the phosphorus doses, it was observed that 
P30 and PgQ were at par in their effect while Pg^ gave the 
maximum value. 
Carbohydrate yield 
Treatment Kg^  proved best for carbohydrate yield and 
recorded an increase of 10.6% over Kg^  which gave the lowest 
value for this characteristic. Like other parameters , here also 
KgQ and K^^  were at par in their effect. 
Phosphorus treatments were noted to have significant 
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critically different from each other. Treatment P^Q proved most 
effective and gave the maximum carbohydrate yield while the 
highest dose of phosphorus (Pgo) gave the lowest value. 
4 . 4 Experiment 4 
This factorial randomized field experiment was conducted 
during the third year of experimentation (1993-94) with the 
aim to study the effect of split application of nitrogen applied 
either once at the time of sowing or twice at sowing (basal) 
and at tillering (top dressing), with two levels of potassium 
on triticale variety "Delfin", with a uniform basal dose of 
phosphorus (Table 5). Only yield and quality characteristics 
were noted as the growth response to K and N application 
had been studied in earlier experiments. 
4 . 4 . 1 Yield charac ter i s t i c s 
The effect of potassium and of nitrogen was significant 
on all the yield attributes and, except for 1,000 grain weight 
and straw yield, the interaction effect was also significant. The 
data, summarized in Tables 40-42 , are described briefly below. 
Ear number /plant 
As in the earlier experiments, K^^  proved the most 
effective treatment, giving 12 .93% more ears than K^^ (Table 
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gave an increase of 58 .69% over B^^go' which gave the lowest 
value. It was also observed that the values recorded for 8^ ^^ ^ 
+ 1^30 and Bf,,2o + ^ ,^30 were at par. 
Considering the K x N interaction effect, K^^  x B^^^ + 
Tj^ 3Q produced the maximum ears and gave significant increase 
over K3Q x Bj^ j20' which gave the lowest value for this param-
eter. The effect of Kg^  x B^^go ••• '^ N.SO ^^^ ^* P^^ ^^^^ *^^* °^ 
^ 6 0 ^ ^ N 1 2 0 "*" ^ N30' 
Length/ear 
Table 40 reveals that K^^  significantly increased the 
length of the ear over K.^ Q. Regarding the effect of nitrogen 
doses, it was noted that BJ^ ^Q + Tj^ g^  proved optimum but was 
at par with BN^^O + ^^^3^. In split application, N^^ + ^Q and 
Nj2o ••" 30 were at par while in one time applications, N^^^ 
was significantly superior to N^go-
The interaction effect between potassium and nitrogen 
was also significant and the combination K^^  x Bj^ g^o •*" '^ Nio 
gave the maximum value and K^^ x Bj^ ^gc ^^^ minimum. The 
former gave an increase of 38 .42% over the latter. 
Ear weight/plant 
Higher basal dose of potassium (Kg )^ produced heavier 
ears compared with the lower dose (Kg^). The nitrogen doses 
117 
were critically different from each other in their effect and 
unlike the other parameters studied, Bj^ g^o •*• '^ NSO Proved 
slightly better and gave- 28 .36% increase over B^^^o^ which 
gave the lowest value. It may be noted that split application 
of only 120 kg N / h a (as N^^ + ^^^ ) proved much more effective 
than 150 kg/ha applied once at the time of sowing. 
KgQ X Bj^ gQ + Tj^ 3Q gave the highest value for this charac-
teristic and K,jQ x B^^^o^ the lowest. Each K x N interaction 
wore 
involving Kg^ was observed to be^eftective than those involving 
K3Q for the corresponding nitrogen treatment. 
Spikelet number/ear 
wac 
A perusal of Table 41 reveals that K^^j^superior and 
produced more spikelets than Kg^. Spikelet production by each 
nitrogen dose was critically different, as noted above for ear 
weight. B^^^ + T^^^ proved most effective in this regard and 
^Ni2o ^^^ *^^ least productive. 
Potassium x nitrogen effect was most pronounced in K^Q X 
^N9o •'' '^ N3o ^^^ least in Kg^  x Bj^ g^o- '^^^ treatments containing K^ ^ 
interacted better with each nitrogen dose than those with K.^ Q. 
Grain number/ear 
Potassium dose K^^  significantly increased the number 
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more grains per ear than did K.^Q. Among the nitrogen 
treatments, B^^^ + T^^^ produced maximum grains and the 
poorest performer in this respect was the treatment Bj^ g^o-
It was observed that the combination K^^  x B^^^ + T^.^Q 
produced the highest number of grains. It was further noted 
that for each nitrogen dose, the interaction effect at Kg^  was 
superior to that at K^Q. K^Q X B^^Q + T^.^^ recorded an increase 
of 15 .83% over K^Q X B^^^^O-
1,000 grain weight 
A perusal of the data shows that the grains were heavier 
U 
under Kg^ (Table 41) when compared | those in K.^^. Among the 
nitrogen treatments, the effect of B^^^^ + Tj^ g^  and Bj^ j^ 2o "•" '^ N3O 
was at par. On comparing the basal application and top 
dressing of nitrogen it may be noted that the latter proved 
superior over the former. 
Grain yield 
Grain yield showed the same trend as noted for other 
yield characteristics considered above. Thus, the higher dose 
of potassium (Kg )^ proved better than K,^ Q (Table 42). 
The nitrogen dose Bj^ ^^ + T^ ^^ ^ out yieldedthe other doses 
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when applied once at the time of sowing as noted in 
Experiment 2. 
KgQ interacted better with individual nitrogen doses than 
did K30. Thus, the combination K^^  x BJ^ ^Q + Tj^ gg out yielded 
all other combinations, except K^Q X N^go + T^NSO' ^^^ recorded 
an increase of 14 .5% over K3Q x B^^go' which was the least 
productive combination. It is to be noted that K^Q x B^g^ + Tj^ ^^ 
was at par with K^^  x B^^^^Q showing that Kg^  can be applied 
for the achievement of same yield as obtained with K^Q when 
nitrogen was applied basally once Kg^  x BN^^Q was at par with 
KgQ X Nj2o ^^^^ proving the feasibility of potassium application 
where lower dose of nitrogen can be compensated with higher 
dose of potassium. Similarly Kg^  x Bj^ j2o " '^^ NSO ^^^ ^6o ^ ^NI5O 
were also at par. 
Straw yield 
KgQ proved most effective for straw production also (Table 
42). Among the nitrogen treatments, the effect of Ng^ + T^ g^^  
and Bf^ j2o """^ Nao ^^^ ^^ P'"^- Thus, the nitrogen dose B^^^Q + Tj^ g^  
proved most efficient and showed an increase of 5 . 6 1 % over 
^Ni2o' which was the poorest straw producer. 
Grain quality characteristics 
Triticale grains were analyzed for protein and carbohy-
120 
drate content and the values were computed for protein and 
carbohydrate yield. The effect of the K as well as N treatments 
was significant for all parameters , while the interaction effect 
was significant only for carbohydrate yield (Tables 43 and 44). 
Protein content 
The grains became richer in protein content as a result 
of the application of the higher dose of potassium (Kg^), which 
increased the protein content by 6.27% over Kg^  (Table 43). 
Split application of nitrogen proved better than single appli-
cation. Thus, Bj^ gQ + Tf^ 3o proved best and gave an increase of 
1 4 . 2 1 % over Bj^ g^o- However, the effect of B^^Q + Tj^ ^^ and B j^2o 
+ Tj^ 3Q was at par. 
Carbohydrate content 
Table 43 shows that the higher dose of basally applied 
potassium (K^J also increased the grain carbohydrate content by 
3.16% over the lower dose (KgJ. Split nitrogen doses B^ ^^ Q + T^.^^ 
and Bj^ 2^o "•" '^ NSO S^^^ higher carbohydrate content than the once 
basally applied nitrogen doses (N 2^o ^"^ ^iso^ ^^^ *^^ '^' effect was 
at par. Bj^ ^^  + T^g^ gave an increase of 4.87% over Bf^ 2^o-
Protein yield 
The effect of potassium on grain protein yield was similar 
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yield over K,^ by 10.54% (Table 44). 
Nitrogen treatment also showed the same pattern as for 
protein content. Thus, the treatment Bf^ g^  + T^.^^ yielded 
maximum protein and was 24 .52% more effectivey(compared 
with B^^2,. 
Carbohydrate yield 
It is evident from Table 44 that the higher dose of 
potassium (K^Q) proved better and enhanced carbohydrate yield 
by 7.22% over K^^. The effect of B^^^ + T^^^ was at par. 
Maximum carbohydrate was produced by BJ^ ^Q + T^3Q, which 
increased this parameter by 14.34% over B^^^o-
Unlike the other quality characteristics, the interaction 
effect of potassium and nitrogen was significant. In general 
the combinations involving K^^  interacted better than their 
counterparts . K^ Q^ X B^^Q + T^ g^^  out yielded all the other 
combinations and gave an increase of 2 5 . 0 3 % over K3Q x B^^ g^o' 
which was least productive. Moreover, the values recorded for 
KeoX B 
N150 w^re at par with those for K^^  x B^ g^^  + T^.^^. 
4 . 5 Exper iment 5 
This factorial randomized field trial was conducted simul-
taneously with Experiment 4 during 1993-94 with the aim to 
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at the time of sowing (basal) or partly at sowing and partly 
at early heading stage by foliar spray together with the same 
two doses of potassiuwon triticale cultivar "Delfin", applying 
a uniform basal dose of phosphorus (Pgo). Thus, as in the 
previous experimnet, eight treatments were tested (Table 6) 
for their effect on yield and quality characteristics. 
4 . 5 . 1 Yield charac ter i s t i c s 
The various yield characteristics were found to be affect-
ed significantly by the application of potassium as well as 
nitrogen doses. The interaction effect between potassium and 
nitrogen was also significant for most of the parameters . The 
data (summarized in Tables 45-47) are briefly described below. 
Ear number/plant 
As is evident from Table 45 , Kg^  showed critically dif-
ferent value for ear production compared with K^^  and showed 
an increase of 9 . 8 1 % . All nitrogen treatments were critically 
different in their effect. Supplemental foliar spray proved 
superior to one time application. Thus, B^^2o + ^^ NIO 3^^^ ^^^ 
best performace, followed by B^^^ + F,^ ^ .^ 
Regarding the K x N effect, it was observed that K^Q X 
^Ni2o ••" ^Nio 9^^^ *he best performance and K^^ x Bj^ ^20' ^^^ 
poorest. On the other hand, the two combinations Kg„ x B^g^ 
r< 
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+ Fj,^ o and K^^ x B^^2o + ^NIO' ^S also K^^  x B^^^Q and K^^ x 
^N9o "•" ^Nio were at par in their effect. 
Length/ear 
Longer ears were produced by Kg^ which recorded an 
increase of 9 .56% in ear length over K,:,^  (Table 45). All the 
values for the effect of nitrogen treatments were critically 
different from one another, B^^go •*" ^NIO being the best. 
Ear weight/plant 
It is evident from Table 45 that, like its superior effect 
on number and ear length, K^Q produced 9.56% heavier ears 
than K3Q. The nitrogen treatments were critically different from 
each other and, like the other characteristics studied, Bj^ g^o 
+ Fj^ jQ proved best and registered an increase of 31 .68% over 
o 
'-^N120-
It was observed that Kg^  x Bj^ g^o ••" ^NIO recorded the 
maximum value for this parameter and K3Q x B^^^o^ the lowest. 
It was observed thatpotassium x nitrogen interacti<ns involving 
KgQ were more effective than those containing K3Q. The values 
recorded for K^^  x B^^^^ and K^^ x B^g^ + Fj^ ^^ were at par. 
Spikelet number /ear 
Potassium treatment K^^  resulted in 4 .5% increase over 
124 
Kgo in spikelet number (Table 46). Basal nitrogen treatments 
together with supplemental foliar application proved better. 
Thus, BN^2o + ^Nio produced maximum spikelets, followed by 
BN9O + FNIO' ^mao ^nd Bj^.^^, in that order. 
Spikelet number was higher in each Kg^ x nitrogen 
interaction compared to the comparable Kg^  x nitrogen com-
bination. Thus, Kgo X Bj^ 2^o ••" ^Nio P'^ ^^®'^  best, followed by K^^  
^ B^9o + FNIO • Kgo X Bj,^ 2o and K3, x B^^.^ were at par, while 
K3Q x Bj^ j2o proved the least effective in this regard. 
Grain number/ear 
Table 46 indicates that Kg^  was superior to K^^ and 
recorded 5.78% more grains per ear. Bj^ 2^o "•• ^^ NIO P^^oved best 
and recorded an increase of 12 .3% over Bj^ j20' which produced 
the least number of grains. 
Treatment K^^  interacted better with each nitorgen treat-
ment and gave higher grain number than did K^ .^ Thus, Kg^  
^ ^Ni2o "•" FNIO' followed by Kg^ , x B^^^ + Fj^^^, proved superior 
and the former enhanced grain production by 18 .42% over 
Ksp X B^j2o-
1,000 grain weight 
Like the other yield characteristics, KgQ proved better 
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were critically different in their effect and B^^^o ^ ^NIO 
produced the heaviest grains, followed by B^^Q + FJ^^Q. The 
former showed an increase of 12 .23% over Bj^ j2o-
Regarding the potassium and nitrogen interaction effect, 
it was observed that Kg^  x B^^^o "^ Fj^ o^ produced the heaviest 
grains, showing an increase of 17.42% over B^^^Q, which gave 
the lowest value for this parameter. K^^ x BJ^ ^Q + F^j^ and K^^  
x Bj^ g^Q were at par in their effect on 1,000 grain weight. 
Grain yield 
Like other yield characteristics, the higher dose of 
potassium (K^Q) proved better for grain production than Kg ,^ 
giving 3 . 8 1 % higher grain yield (Table 47). Among the 
nitrogen treatments, Bj^ g^o "*" ^NIO Proved best, followed by Bj^ ^^ 
+ Fj^ Q^, and the former showed an increase of 11 .33% over 
^Ni26- ^^ general, split application of nitrogen, 
proved better than one time basally applied nitrogen. 
20 It was observed that when Delfin grown with K^^  x Bj^ ^ 
+ Fj^ jo showed best performance, follwed by K^Q X B^^^^ + F^^^. 
Thus, Kgo X Bf^ 2^o + Fj^ o^ showed an increase of 1 6 . 1 1 % over 
BNI2O- Moreover, K^^ x B^^^ + F^^^ and K.^ x B^.^^ were at par 
for grain yield. The efficacy of supplemental foliar nutrition 
was established by the fact that K^^  x B^^^^ was less effective 
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+ Ff^ jQ, indicating also some saving of nitrogen as well as 
potassic fertilzer. 
Straw yield 
It is evident from the Table 47 that the higher dose of 
potassium (Kg )^ proved better for straw production. Among 
the nitrogen treatments, it was observed that basal application 
of nitrogen supplemented by foliar nutrition was superior, B^ ^^ go 
+ Fj^ Q^ giving the maximum value. 
4 . 5 . 2 Grain quality charac ter i s t i c s 
The effect of potassium, as well as of nitrogen, on grain 
quality was signifi cant. The data are presented in Tables 48 
and 49 . 
Protein content 
Potassium dose K^Q elicited 5.27% higher grain protein 
content than K^^ (Table 48). It was noted that B^^^^ + F^^^, 
closely followed by B^^^ + F^^^, proved the best nitrogen dose, 
while the lowest protein content was obtained in Bj^ g^o-
Regarding the interaction effect, it was noted that K^Q X B^^^^ 
+ Fj^ jQ gave maximum value which was 20 .41% higher than that 
for K30 X B^^2o. The combination K.^ x B^^^^ and K.^^ x B^^^ + F^ .^ ^ 




































































































































































Like protein content, potassium treatment Kg^ gave 3.72% 
' higher carbohydrate content than K^^ (Table 48). The effect 
of nitrogen doses was critically different from each other in 
this regard. Bj^ j2o "^  ^NIO Proved best and gave maximum 
carbohydrate content, which was closely followed by B^^^ + 
Fj^ jQ. Thus, the former recorded an increase of 6 .33% over 
the Bj^ j20' which was the poorest in its effect. 
Protein yield 
Table 49 reveals that the higher potassium dose (K^ )^ 
yielded more protein compared with K^ .^ Bj^ g^o "*" ^NIO outyielded 
all the other nitrogen doses and was closely followed by B^^^ 
+ Ff^ jQ. The former gave an increase of 26 .86% over the B^^^^, 
which was the least productive. 
Carbohydrate yield 
Like the other quality characteristics, K^^  showed an 
increase of 7.78%) in carbohydrate yield over K.^^ (Table 49). 
Treatment Bj^ g^o ••" ^NIO Proved best and gave an increase of 
1 0 . 8 1 % over B^^^^. 
Potassium treatment K^^  interacted better with each ni-
trogen dose than did Kg .^ Unlike the other quality character-
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^ Bf^ 9o + FNIO but it was at par with Kg^ x Bf^ 2^o + F^^^. The 
combination K^Q X B^^^ + F^^Q showed an increase of 27.32% 
over K3Q X Bf^ 2^o- Moreover, the effect of the combination K^Q 
X Bf^ j2o ^^^ ^t par with that of K3Q x B^^^Q. Similarly, K^^  x 
B^,,.o was as effective as K,„ x B^^n + F 
'N150 " ' " ^ ° ^ o i i . : . ^ i x v c a s 1 ^ 3 0 ^ ^ N 9 0 ^ " N I O " 
E> ]^%PTS:^  - 5 
DISCUSSION 
CHAPTER - 5 
DISCUSSION 
Introduct ion 
The productivity of a crop plant is the result of the 
interaction between its genetic make-up and various environmental 
factors. Therefore, in crop production emphasis is given to 
improvement of yields through their proper manipulation. 
Previously, low productivity of crops, particularly in under-
developed countries like India, was due to the low yielding ability 
of available varieties coupled with the lack of capability of the 
farmers to provide optimum inputs, including fertilizers. However, 
yields have been increased substantially with the introduction of 
improved high yielding varieties that ushered in the "Green 
Revolution" in the sixties. With yields having reached a plateau 
once again, farm scientists are greatly perturbed about the future 
scenario as the accompanying population explosion shows no 
discernible sign of abatement. 
Being a newly introduced and commercially less viable crop; 
triticale has received far less attention of farm scientists than most 
of the traditional cereals. In fact, the laudable achievements of 
the breeders responsible for producing and improving this crop 
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have not been matched by the plant physiologists and agronomists. 
None the less, the release of improved cultivars during the last 
two decades has been instrumental in spurning a few workers to 
determine their fertilizer requirement, particularly that of nitrogen 
(Ali and Rajput, 1978; Etchovers and Moraghan, 1978; Gagrado 
et al, 1978 ; Kalra and Dhiman, 1979; Bishnoi and Mugwira, 1980; 
Farnworth and Said, 1982; Bali et al. 1991). It may not be out 
of place to mention here that workers at Aligarh have also made 
substantial contribution in the field of nitrogen and phosphorus 
requirement of triticale (Afridi et al., 1977; Abbas, 1980; Alvi, 
1984; Ashfaq, 1986; Moinuddin, 1987; Aziz, 1 9 9 1 ; Aziz et al., 
1994; Fatima, 1994; Shah, 1996). However, it must be admitted 
that no in depth study of potassium requirement has been 
undertaken here or elsewhere. 
As this essential macro-nutrient is present in all types of 
plant materials being required for all phases of plant growth and 
development by playing a major role in influencing a number of 
physical, physico-chemical and metabolic pathways at the cellular 
level (Mengel, 1976). The present investigation comprising five 
experiments was carried out on triticale with the following aims. 
1. To establish the optimum potassium dose under local agro-
cHmatic conditions and to select a cultivar of triticale out of two 
originated from Mexico and India taking wheat as check. 
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2. To study the interaction effect of potassium with nitrogen 
in promoting the g rowth , yield and grain quaUty parameters of 
selected triticale. 
3. To study the interaction effect of potassium with 
phosphorus on growth ^ yield and grain quality of the selected 
triticale. 
4. To determine the efficacy of split application of nitrogen 
(basal and top dressing) with two doses of applied potassium on 
grain, yield and quality parameters of the selected triticale. 
5. To test the efficacy of split application of nitrogen (basal 
and foliar) with two doses of applied potassium on grain yield and 
quality of the selected triticale and to determine if fertilizer 
economy could be effected without sacrificing yield and quality. 
The data of these field tests are briefly considered below in 
the light of those of other researchers, working mainly on the 
potassium requirement of cereals but of course not of triticale. 
Growth charac ter i s t i c s 
The growth parameters selected for the first three experi-
ments included some of the important morphophysiological 
attributes of a cereal crop. According to Gregory (1937) shoot 
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length and tiller production are a measure of meristematic activity, 
increase in leaf number at different stages indicates the degree 
of differentiation as well as photosynthetic rate while fresh and 
dry weight account for total productivity of the crop plant. 
Moreover, the span of the vegetative phase may have an important 
and direct bearing on grain yield (Bunting and Drennan, 1966; 
Yoshida, 1972). 
KgQ, K^Q, KgQ and Kg^  were appHed (Experiment I) to assess 
the potassium requirement of Delfin, TL-419 and HD-2204 (check). 
In this cultivar-cum-potassium trial K^^  proved optimum for the 
various growth parameters studied (Tables 9-24), at the three 
samphngs. The data thus confirm the well established role of 
potassium in augmenting cell division and expansion (Hewitt, 
1963 ; Black, 1968 ; Mengel, 1978 ; Patnaik, 1987) which leads to 
enhanced shoot length and tiller number. The resulting increase 
in leaf number would be expected to provide greater surface area 
for harvesting solar energy. Enhanced production of photosyn-
thates and their subsequent accumulation in the form of dry matter 
would thus be assured (Yoshida, 1972; Mengel, 1983). 
Among the cultivars (Experiment I), Delfin performed best, 
followed by TL-419. The superiority of Delfin was manifested at 
the tillering stage itself and was maintained as growth progressed, 
resulting finally in its highest fresh and dry weight. In this respect 
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its better capacity for tiller and leaf production (Table 10 and 11), 
surpassing not only the other triticale but also the wheat check, 
points towards its improved genetic constitution. In fact, greater 
efficiency of absorption and retention of water exhibited by Delfin 
through its higher fresh weight accompanied with better utihzation 
of essential nutrients absorbed from the soil, is also a clear 
indication of its superior genetic make-up. At present , sufficient 
information is available where genotypes (like the two triticale in 
the present study) have been found to differ considerably in the 
response of their physio-morphological characteristics to the 
surroundings, including their ability not only in the enhanced 
absorption of water and mineral ions but also in their translocation 
and accumulation in the plant. Such varietal differences are well 
known in the cereals including triticale (Millikan, 1 9 6 1 ; Vose, 
1963 ; Langer, 1966; Ashfaq, 1986; Moinuddin, 1987; Aziz et a/., 
1994). 
In his early findings on the causes of variation in crop yield, 
Watson, (1951) concluded that variation in leaf area was an 
important factor. This has been reiterated by Yoshida (1972) who 
emphasizes that it is the area of leaf surface that intercepts solar 
radiations and is the most important factor in determining the 
yielding ability of a crop plant. The higher tiller and leaf number 
in Delfin is an obvious indication of greater surface area for higher 
dry matter accumulation. 
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Among the interaction effects, K^^  x Delfin proved optimum 
for all growth characteristics, which is not surprising. It is 
however, noteworthy that the response to K.^^ x Delfin was at par 
with or even better than that of K^^  x TL-419 at most stages of 
growth for many of the growth parameters . Even K^^  x wheat was 
at best found at par with K^^ x Delfin and K^^ x TL-419 or even 
inferior to these combinations. These findings indicate the 
superiority of Delfin in extracting and utilizing potassium to its 
advantage during the vegetative phase, not only when the nutrient 
is present in sufficient quantities but also when it is deficient. This 
in-built superiority of triticale over wheat in better utilization of 
inputs coupled with greater harvesting of solar radiation makes it 
a good competitor as a future grain crop. 
As in experiment 1, K^^  was found to be optimal for all 
growth characteristics of Delfin in Experiment 2 and 3 , better 
growth response being observed as the applied potassium dose was 
increased from K20 to K^ .^ However, luxury consumption resulted 
at the highest dose (Kg ,^). 
Basal dose of nitrogen, N^^^, proved best for the growth 
of Delfin in Experiment 2. Like potassium, nitrogen is an essential 
macronutrient . It is involved directly or indirectly in almost all 
physiological activities of the plant (Hewitt, 1 9 6 3 ; Steward and 
Durzan, 1965 , Noggle and Fritz, 1986; Devhn and Witham, 1986; 
Salisbury and Ross, 1991). 
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As growth is a manifestation of the interplay of meristematic 
and metaboHc processes, including cell division, elongation and 
expansion, metabolism and dry matter production which are 
responsible for meristematic activity, the apphcat ion of nitrogen 
led to enhanced leaf production, tillering, elongation of shoot and 
increase in volume and weight in the present study. Thus in 
particular J leaf area was considerably increased confirming the 
findings of Humphries and Wheeler (1963) and Gardner et al. 
(1985), among others. Such an effect of nitrogen application 
corroborates the work done at Aligarh on several varieties of 
triticale including Delfin (Ashfaq, 1986; Moinuddin, 1987; Fatima, 
1994 and Shah, 1996). 
In experiment 3, the response of Delfin to four doses of 
potassium with three of phosphorus applied basally was studied. 
As in Experiment 1 and 2, the data confirmed that Kg^  and K^^  
were inadequate for the growth of Delfin, while K^ .^  proved 
optimum, Kg^  was found wasteful (Tables 30-34) . Among 
phosphorus doses P^^ proved more beneficial than Pg^ and P^^ for 
shoot length, tiller number, leaf number, fresh weight and dry 
weight. (Table 30-34) at each of the three stages. These data 
confirm the well estabhshed role of phosphorus in cell division and 
expansion (Hewitt, 1 9 6 3 ; Black, 1968 ; Patnaik, 1987). Adequate 
provision of nutrient at sowing through the application of P^ ^^ , 
promoted tissue and organ formation. The increased growth 
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activity culminated in enhanced leaf and tiller formation as noted 
for various crops by Tamhane et al. ( 1 9 7 0 ) . Expectedly, the 
resulting increased photosynthetic area would result in higher 
photosynthetic rate ascribed to phosphorus application in various 
plants by Natr (1972), Osman et al. (1977), Longstreth and Nobel 
(1980) and produce more dry matter which is regarded as the best 
measure of plant vigour. 
Among the interaction effects, K^^  x P^^ (equalled by Kg^  x 
Pgp) proved the best combination for tiller production, fresh weight 
and dry weight at the three stages of growth. Further, Kg^  x P^^ 
generally proved harmful for growth. Thus on the basis of 
satisfactory vegetative growth and dry matter production, K^ ,^ x P^^ 
was established as the optimum combination, while the interaction 
effect of lower doses proved less effective and that of higher doses 
wasteful or even deleterious (Tables 30-34). These data justify the 
adoption of the factorial randomized design for the field trial. 
Interestingly, this is also applicable to the results of Experiment 
2 on potassium and nitrogen requirement of Delfin in which K^Q 
x Nj5Q proved optimum (Table 20-24). 
An interesting observation made in Experiments 2 and 3 is 
the differentiated response of the crop to nitrogen and 
phosphorus . Whereas, tiller number and leaf production showed 
a linear increase with age on nitrogen application (Table 21 and 
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22), these parameters showed a dechne at the milky grain stage 
in the phosphorus trial (Experiment 3 - Table 31 and 32). 
However, the response with respect to shoot length, fresh weight 
and dry weight was linear for both nutrients. 
Yield charac ter i s t i c s 
Yield and its components are the ultimate measure of many 
important biophysical and biochemical functions dependent upon 
potassium. In cereals the number of ears per unit area, the number 
of grains per ear and average grain weight are the main yield 
determining parameters (Haeder and Beringer, 1981a) . However, 
while studying yield physiology it is desirable to consider not only 
the tissues involved in the storage of food (sink) but also the plant 
parts producing these photosynthates (source). 
It may be recalled that in Experiment 1, 2 and 3 treatment 
K^ Q proved optimum for all growth parameters including dry matter 
production. The logical expectation that this augmented source 
would lead to better development of the components of the sink 
was corroborated by the data in Tables 14-16, 25-27 and 35-37 
wherein K^^  proved optimum for ear number, ear weight, spikelet 
number, grains per ear, 1000 grain weight, grain yield and straw 
yield. 
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It is well established that 90-95% of the carbohydrate in grain 
is derived from COg fixation after anthesis, in which apart from 
other "sources", the flag leaf and the one next to it play a 
dominant role. 
Adequate potassium application is known to safeguard the 
functioning of these ' sources ' in the grain filling process, for 
example grain weight is severely affected by the loss of the flag 
leaf. Sufficient potassium supply reduces the loss (Forster and 
Beringer, 1981). Moreover losses in chlorophyll content of the 
upper internode of wheat plants during the final stage of grain 
fiUing were diminished by increasing K nutrition (Haeder, 1980). 
Although the potential number of grains per year is largely 
fixed genetically, there is convincing evidence that adequate 
potassium supply contributes to increased formation of grains per 
ear. Forster (1982) concluded that a high level of K nutrition 
helped to control the loss of grain primordia in wheat and oats 
by encouraging stronger root growth during the milky grain and 
dough stages of grain ripening. 
Haeder and Beringer (1981) attributed the yield response of 
wheat to K fertilization primarily to increased single grain weight 
and, to a lesser extent, to the number of ears per unit area and 
number of grains per ear. Increasing rates of K raised wheat yields 
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chiefly due to a striking rise in grain weight, but greater number 
of ears per plant and of grains per ear also contributed to the 
improved yield (Forster and Beringer, 1981). 
Prolonged grain filHng period is a very important requirement 
for the formation of larger grain. Haeder and Beringer (1981) 
found that K fertilizer lengthened the period of grain filHng of 
wheat by both advancing anthesis and delaying senescence. Higher 
potassium was found by them to increase the intensity of grain 
filHng or the rates of grain growth per day. 
A higher level of K supply is believed to promote the 
formation of longer grain through more intensive and longer 
photosynthesis . Shrivelled and Hght weight grains are often formed 
by K deficiency (Vig and Das, 1977). 
Considering varietal differences, in Experiment 1, Delfin 
performed better than TL-419 and even surpassed the local wheat 
check with regard to final yield (Table 16). The superiority of 
Delfin may be due to its better yield attributing parameters, 
including ear number, ear length, ear weight and grain number 
compared to the other two cultivars (Tables 14-16). The superior 
yielding ability of Delfin has also been reported earHer by 
Moinuddin et al. (1990 a,b); Aziz et al (1994); and Fatima (1994). 
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It is noteworthy that among the yield parameters wheat could 
surpass Delfin and TL-419 only in 1,000 grain weight (Table 15) 
which highlights its superiority in the production and translocation 
of photosynthates to the grains. 
Since its inception in the year 1875 , triticale has overcome 
a number of inferiority barriers through the consistent efforts of 
plant breeders , agronomists and plant physiologists. This progress 
has been ably reviewed by Inam (1992). He has remarked that 
triticale genotypes have either matched or surpassed wheat in 
various yield characteristics including grain yield. However, it has 
also been admitted that triticale still lagged behind in test weight, 
colour and boldness of the grain. So it is not surprising that Table 
16 reveals that triticale cultivars Delfin and TL-419 were poorer 
in 1,000 grain weight when compared to the local wheat check. 
Such variations do exist in different cultivars due to their genetic 
make-up, as their efficiency for nutrient absorption and utilization 
with respect to various physiological aspects of grain yield differ 
considerably (Yoshida, 1972). 
Ion transport processes also provide a basis for genotypic 
differences in nutrient utilization (uptake, t ransport across roots 
and release to the xylem) as discussed by Lauchli (1976). In the 
present study, genotypic variations were observed in terms of N, 
P and K concentrations in the leaves, indicating the pattern 
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observed in grain yield, that Delfin is an efficient harvester of 
potassium is also confirmedl the effect of combination K20 x 
Delfin being at par with K^^  x HD 2 2 0 4 . On the other hand K^^ 
X HD-2204 was superior to even K^^  x TL-419, indicating the 
superiority of wheat over this triticale. Interestingly, 1,000 grain 
weight of Delfin in the present study was noted to be improved 
by increasing the potassium dose. Thus K.^^ x HD-2204 was at par 
with K o^ X Delfin ( Table 15). 
The ameliorative role of nitrogen with regard to yield 
attributes (Experiment 2) was similar to that noted earlier for 
growth characteristics, wherein N^^Q proved best. The observations 
summarized in Table 25-27 indicate the effectiveness of this 
optimum dose of nitrogen for maximisation of yield attributes 
leading to high grain yield. The improvement in yield character-
istics is not unexpected as nitrogen is known to affect grain 
production favourably in a number of plants, including triticale. 
Perusal of the K x N 
interactions shows that by increasing the K dose from K^^  to K^^  
not only brings about significant increase in the grain yield of 
Delfin but also results in saving of the N (N^go replacing Nj^g), 
indicating the utihty of potassium in promoting nitrogen efficiency. 
In Experiment 3, the effect of P^ ^^ , on yield characteristics 
was significantly higher than that of P^^ or P^^, the latter even 
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proving deleterious as it gave even lower yields than P^^ (Table 
37). The involvement of phosphorus in the production of fertile 
tillers was reported among othersby Sethi and Singh (1972), Sethi 
et al. (1979), Prasad and Singh (1983). The ear weight (Table 
35) is a measure of partitioning of the photosynthate between 
vegetative and reproductive parts of the plant (Black, 1968). The 
data shows that P^^ produced heavier ears than Pg^ thus indicating 
the involvement of phosphorus in the process. An increase in ear 
length due to P^^ compared to Pg^ may be an indicator of the 
promotory role of phosphorus in cell division and expansion 
leading to increased vertical growth (Hewitt, 1 9 6 3 ; Black, 1968; 
Patnaik, 1987). The treatment also promoted 1,000 grain weight, 
confirming the role of phosphorus in swinging the partitioning of 
photosynthates towards grain filling as noted in other cereal crops 
(Afridi and Samiullah, 1973 ; Qaseem et al. 1978 ; Giaqunta and 
Quebendeaux, 1980; Orphanos and Krentos, 1980). A similar 
observation has been made by Fatima (1994) in the case of 
triticale. In the present study, the effectiveness of P^^ in promoting 
vegetative growth (Tables 30-34) was reflected in enhancing the 
yield attributes (Tables 35-37). It is, therefore, not surprising that 
this t reatment resulted in the highest grain and straw yield. 
Unlike the K x N interaction effects (Experiment 2), noted 
above, interaction between K and P was not spectacular. However, 
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the grain yield was at par in K^^  x P^^ and K^ ,^ x P^Q. Thus P^^ 
may be replaced with P^^ by increasing K^^  to K^ ,^ again proving 
a positive role of K in enhancing the utility of phosphorus^like 
that of nitrogen noted above. 
As mentioned earlier, judicious application of fertilizers is 
one of the most important concerns of the farmer as it guarantees 
the desired growth and yield of a crop. Not only the quantity but 
also the technique of its application should be such as to serve 
is 
the plant to its advantage. Fertilizer ^applied mostly in solid form 
and is broadcast, i.e. distributed uniformly over the soil, before 
sowing. For soils of poor nutrient status and those that strongly 
fix plant nutrients, split application of fertilizer is advisable. Loss 
of much of the nitrogen applied at the time of sowing (Anonymous, 
1971) through various agencies also warrants split application. Top 
dressing with nitrogen in addition to a proper starter dose, after 
the crop has grown to a particular stage, has therefore, become 
a standard agricultural practice. 
The data of Experiment 4, confirmed once again the 
superiority of K^^ over Kg^  with regard to all yield attributes 
including grain yield. 
Tables 40-42 also indicate that split application of nitrogen 
(basal + top dressing) proved better than the one-time basal 
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application of nitrogen alone. Thus, t reatment B^^^ + Tj^ g^  was 
found optimum for all yield characteristics except ear weight. 
It is interesting to note 
that the higher dose of nitrogen (Bj^ jgo •*" '^ N3O) Proved at par with 
^N9o "*• '^ N3o ^°'" ^^^ number, ear length, grain yield and straw yield 
whiJe Bj^ j2o (t>35aJ nitrogen alone) gave the Jovvest value for aJJ the 
parameters considered.confirming the data of Experiment 2. The 
data thus indicate that although, if apphed only once at sowing 
Nj5Q is the required dose for good yield, a saving of 30 kg N / 
ha together with higher yield could be obtained by split application 
of 120 kg N /ha as 8^ ^^ ^ + T^^^ Fertilizer economy of nitrogen 
through top dressing is well established and has been achieved at 
Ahgarh for various crops (Akhtar Noor, 1986; Abbas and Kumar, 
1987). 
Among interaction effect K^^ x B^^^ + Tj^ g^  was found to be 
at par with K^^  x B^^^^^ for grain yield (Table 42), proving that 
even low potassium (Kg )^ may bring about more efficacious nitrogen 
use, in case of split application. The basis of such synergistic effect 
of potassium and nitrogen has already been discussed. 
As mentioned above, a large part of nitrogen fertilizer 
applied to the soil at the time of sowing is rendered unavailable 
to the crops, particularly at the late stages of development (Anon, 
1971) which resulte,^ in Jow yieJd. In recent years, the agricultural 
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utility of foliar application of mineral nutrients has received wide 
attention due to its proven efficacy under various constraints. A 
number of research workers have suggested spht application of 
supplemental nitrogen through fohage, as a remedial measure to 
ensure maximum realization of the genetic potential of crops 
(Afridi and Wasiuddin, 1977). 
In Experiment 5, as in the earlier experiments, K^^  proved 
superior to Kg^  for all yield attributing characters and yield itself 
(Tables 45-47) . Among nitrogen treatments the data confirmed that 
when applied at the time of sowing only, the crop did better with 
NjgQ than with N g^o ^^ ^^ Experiments 2 and 4. However, the best 
results were obtained in BN^go + FN^g, containing a total of 130 
kg N /ha . Here again, we have not only a saving of 20 kg N / 
ha but also higher yield than in any of the other treatment, 
confirming the findings of Experiment 4 and those of others, Inam, 
1978; Akhtar Noor, 1986). 
This spectacular efficacy of foliar spray was not unexpected. Spray 
of nitrogen at early heading which is considered a period of great 
metabolic activities, when setting and filling of grains started, ensured 
a better supply of readily available nitrogen spray. Similar increase in 
grain yield by nitrogen spray has been reported by Evans (1952), Reeves 
(1954), Finney et al. (1957), Sadaphal and Das (1966), and by Alvi 
(1984), Ashfaq (1986), Fatima (1994) in triticale. 
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It is well established that from germination onwards, growth 
is controlled not only by the amount of assimilates produced but 
also by their partitioning among the various parts of the plants 
(Langer, 1967). It seems that even when the experimental plants 
had received upto 150 kg N / h a at sowing they become somewhat 
deficient in nitrogen by the time grains were set and required fresh 
supply of the nutrient for optimal morpho-physiological activity, 
including the formation of reproductive parts and the development 
of sink. 
Regarding the K x N interaction effect it may be summarized 
that K,o X Bj^ j2o + FNIO followed by K,, X B^.^ + ^mo' Proved the 
best t reatment and ensured highest grain yield (Table 27) as a 
result of cumulative effect of other yield characteristics (Table 45-
46). However, it is noteworthy that even K^^  X B^g^ + F^^^ out 
yielded all t reatments in which foliar application was not involved. 
These results highlight the efficacy of supplemental nitrogen spray 
on one hand and the role played by potassium (in the presence 
of phosphorus) in bringing out the full genetic potential of the 
crop, on the other, commending the adoption of this judicious 
combination of N. P and K for ensuring high return to the farmer. 
However, for those without spray facilities, K,^ p x N^^^ x P^^ should 
suffice. 
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Grain qual i ty 
Plants draw from the soil various essential mineral nutrients 
and water which they utilise not only for their growth and yield 
but also for the quality of their produce. If any of them is deficient, 
the quality of the crop is likely to be affected as they are involved 
in the biosynthesis of various metabolites. Cereals provide about 
70-80% of the total calories and more than two third of the protein 
in human diet (Hulse and Spurgeon, 1974). As such, not only the 
grain yield but also the protein and carbohydrate content of the 
grain assume equal importance. 
Potassium is often described as the "quality element" for crop 
production. With a shortage of potassium, photosynthesis, 
respiration, translocation and a number of enzyme systems may 
be disrupted, thereby causing reduction in crop quality (Evans and 
Sorger, 1966). It is therefore, not surprising that application of 
adequate quantities of potassium was found necessary for 
maintaining grain quality in all the present trials, K^Q proving 
optimum. Mengel et al. (1981) reported an indirect influence of 
potassium on grain protein formation through amino acid 
translocation from vegetative plant parts to the grain, which 
favoured synthesis of gluten and prolamine. 
In E,xperiment 1, among the cultivars tested, Delfin proved 
inherently superior to TL-419 and wheat check for grain protein 
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content but TL-419 proved best for grain carbohydrate content 
(Table 17). Being an intergeneric hybrid of wheat and rye, triticale 
is known to combine high protein content of wheat and high lysine 
content of rye (Hulse and Spurgeon, 1974). Higher content of 
protein in triticale has also been reported by (Villegas et a/., 
1968). The findings of the trials are also in conformity with the 
findings of Sisodia (1971), Villegas (1973), Bronwer (1977), 
Fencik et al. (1980), Gill and Sandha (1980), Koleves and 
Khristove (1983), Alvi (1984), Vaulina (1987), Moinuddin et al 
(1990). While considering the protein and carbohydrate yield per 
hectare, it was noted that wheat (HD-2204) almost caught up with 
Delfin and was superior to TL-419 on both counts (Table 18). This 
was due to the higher grain yield of wheat compared to that of 
TL-419. These findings are in agreement with those of Moinuddin 
et al (1990 a, b) and Fatima (1994). 
In Experiment 2, nitrogen treatment N j^^ ^ proved better than 
all other t reatments for grain protein and carbohydrate content as 
well as yield (Table 28 & 29). In cereals, including triticale, 
beneficial role of applied N with regard to protein content of grain 
is well established as reported by a number of researchers, 
including McNeal and Davis (1954), Eck et al (1963), Singh and 
Gupta (1969). Jaisingham et al. (1970), Mc Neal et al (1971) and 
Afridi and Samiullah (1973) for wheat and barley and Kalra and 
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Dhiman (1979), Bishnoi and Mugwira (1980), Cherginets et al 
(1980) and Alvi (1984) for triticale. 
In Experiment 3, P^^ proved optimum for quality character-
istics. The observed increase in grain protein content in this 
t reatment may be due to the indirect effect of P in increasing the 
uptake of nitrogen as reported by Roy and Wright (1974) for 
sorghum. This assumption is supported by the high protein and 
carbohydrate contents in grains (Table 38). Moreover, although 
nitrogen is the chief constituent of protein, phosphorus is also 
involved in protein synthesis via supply of energy-rich ATP (Hewitt, 
1963) which explains the data presented in Tables 38 and 39 . 
Grain carbohydrate content and yield were also significantly 
affected by phosphorus t reatments . P^ ,^ proved best for both quality 
parameters (Tables 38 & 39). It may be due to the importance 
of phosphorus through its role in energy-rich ATP and NADP, 
which are involved not only in the production of carbohydrate in 
the source but also in its conduction to the sink (grains). It may 
be added that these results are also in agreement with those of 
Fatima (1994). 
The data of Experiments 4 and 5 on grain protein and 
carbohydrate content and yield (Tables 4 3 , 44 , 48 & 49) confirmed 
the earlier findings in this study (Experiment 2; Tables 28 & 29). 
However, the superiority of spUt application over one-time 
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nitrogen application (top dressing in Experiment 4 and foliar spray 
in Experiment 5) has also been established. Thus, we harvest better 
quality grain and also save costly fertihzer by adopting the 
technique of split application of nitrogen. 
In cereals, a positive correlation of soil-applied nitrogen to 
protein content of grain is well documented (Mc Neal and Davis, 
1954) and has been confirmed by later work including that on 
triticale under^-taken at AUgarh. At the same time, it is also known 
that a major part of the nitrogen fertilizer applied to the soil 
at the time of sowing is rendered unavailable to the crops as they 
mature which results in low values of grain protein content. 
In Experiment 5, where N was applied through foliar spray 
as a supplement to basal fertilization, results were much more 
pronounced than in Experiment 4 conducted under the same 
conditions. Thus, Bj^ ^^ o + ^^ NIO Pi'oved the most effective dose. The 
130 kg N / h a thus supplied gave much higher values for all the 
quahty characteristics than even B^j^^, due to the ready availability 
of nitrogen during the grain setting and grain filling period as 
explained earher while discussing grain yield. 
These results on the efficacy of supplemental foliar spray of 
nitrogen are in line with those of a number of researchers, 
including Finney et a/ (1957), Sadaphal and Das (1966), Bhowmik 
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and Seth (1968), Bhaid et al (1969), Sharma (1970), De (1971), 
Srivastava et al (1971), Qaseem (1975), Afridi (1983) and Alvi 
(1984) on various crops, including cereals. 
It was also observed that , where the data were significant, 
KgQ resulted in higher grain protein content when interacting with 
each nitrogen dose compared with Kg .^ This proves the effectivity 
of potassium in improving the quality of grain, as protein content 
is the main concern as far as human nutrition is concerned. It 
may not be out of place here to mention that cereals receiving 
good K supply absorbed more N during grain filling (Koch and 
Mengel, 1977). In the present study adequate K supply increased 
the utilization of N and P and fiot only resulted in higher grain 
yield and grain size but also produced grains with higher protein 
content. It may be mentioned here that , probably for this reason, 
crops with high yield potential also have high potassium 
requirements (Haeder and Mengel 1974 , Forster 1976). 




The importance of the problem "Potassium nutrition of 
triticale" has been considered in brief. The effect of various levels 
of potassium, nitrogen and phosphorus on growth, yield and grain 
quahty in triticale was studied. Justification has been put forward 
for undertaking the present work (Chapter 1). The available 
information pertaining to potassium nutrition of "triticale has 
been reviewed (Chapter 2). The details of the materials and 
methods employed for the five field experiments performed have 
been given with relevant meteorological and edaphic data (Chapter 
3). 
Experiment 1 was a field trial conducted according to 
factorial randomized block design during winter (Rabi) season to 
study the effect of four doses of potassium, applied with adequate 
nitrogen and phosphorus, at the time of sowing, on the growth, 
yield and quality, including NPK content of grain, of two cultivars 
of triticale, viz. "Delfin" and "TL-419" and one of wheat "HD-
2204" (included as check) to determine the optimum dose of 
potassium and the better responding triticale for later investiga-
tions. 
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Field Experiment 2 was conducted next year. The aim was 
to investigate the effect of four doses of basal potassium and three 
of basal nitrogen separately and in combination on the growth, 
yield and quality of better performing cultivar of triticale grown 
with a uniform basal dose of phosphorus. 
Experiment 3 was carried out simultaneously with Experiment 
2. In this experiment an attempt was made to study the effect 
of four doses of soil-applied potassium and three of phosphorus 
on the growth, yield and quality of the same cultivar of triticale, 
apphed with a uniform basal dose of nitrogen. 
Experiment 4 was conducted during the next rabi season to 
study the effect of split appHcation of nitrogen (basal + top 
dressing) and compare it with one time application at sowing, 
taking two levels of basal potassium, on the cultivar of triticale 
selected earlier and grown with adequate basal phosphorus. 
Experiment 5 was conducted side by side with Experiment 
4 on the same cultivar of triticale. Its aim was again to investigate 
the prospects of increasing productivity and quality coupled with 
fertihzer economy, using split appUcation of nitrogen replacing 
supplemental top dressing with fohar spray, taking the same two 
levels of basal potassium and a uniform dose of phosphorus applied 
at sowing. 
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The data of the five field trials were subjected to statistical analysis 
where 'F ' value was found significant (as in most cases) at P<0.05 ,C.D. 
was calculated (Chapter 4). 
The significant results of the investigation have been discussed 
in the hght of earlier findings at Aligarh and elsewhere (Chapter 5) 
and the important findings are summarized below. 
1. Potassium treatment K^ ^ proved better than the other treatments 
and almost all the growth and yield characteristics responded to 
it optimally in all five field trials. 
2. Potassium dose K^ ^ increased the grain yield most in the various 
cultivars selected for Experiments 1 to 5. 
3. Like growth and yield characteristics, potassium treatment Kg^  also 
proved best for grain quality. 
4. Delfin out-yielded the other cultivar of triticale as well as the local 
wheat check in Experiment 1 and was selected for later 
experiments. 
5. The basal dose of nitrogen N^^ ^ proved optimum for all the 
growth, yield and quality characteristics of Delfin. 
6. The interaction effect of K^ ^ x N^ ^^ ^ was found superior to that 
of all other combinations. 
7. The basal dose of phosphorus P^^ gave the maximum values for 
all the growth, yield and quality characteristics. 
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8. The K X P combination K^ ^ x P^^ gave the best results. 
9. Split application of nitrogen (basal + top dressing/foliar spray) 
proved better than one time basal application for yield and quality 
of Delfin. 
10. In the top dressing experiment, BN^^ + TNg^ out yielded all other 
treatments and also resulted in saving of nitrogenous fertilizer. 
K^ o X BNgp + TN30 proved the best combination. 
11. Spray application of nitrogen also proved beneficial both for 
productivity and quality of Delfin. 
12. Treatment BN g^^  + FN^g and the combination K^ ^ x BN g^o + FN^^ , 
produced maximum grains of superior quality. 
13. It may, therefore, be concluded that triticale cultivar Delfin may 
profitably replace wheat in Aligarh and adjoining areas with basal 
KgQ and P^ g^, nitrogen being apphed either as Ng^  at sowing and 
Ngp by top dressing or as N^^^ at sowing and N^^ by foliar spray. 
The higher protein content of Delfin compared with wheat would 
also help to solve the porblem of malnutrition to some extent. 
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